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THE CHEMICAL INDUSTRY AND THE 
ECONOMIC SYSTEM 


By Dr. HAROLD G. MOULTON 


PRESIDENT, THE BROOKINGS INSTITUTION 


CHEMIsTs are of course primarily in- 
terested in the development and the 
successful operation of the chemical in- 
dustry. As a professional student of 
economics, I am primarily interested in 
the development and the successful opera- 
tion of the economic system. Chemists 
are also interested in economics because 
the growth of the chemical industry de- 
pends upon the successful operation of 
the complex economic system of which it 
is an integral part. Similarly, economists 
are interested in the organization and 
conduct of the chemical industry because 
it is a highly important division of the 
economic system. 


FUNDAMENTAL FACTORS AND INTER- 
RELATIONSHIPS 


As a background for this discussion, it 
will be useful first to orient our thinking 
in very fundamental terms. Economic 
progress depends basically upon the com- 
bined influences of the following factors: 
Natural and human resources; scientific 
discoveries; inventions; engineering ap- 
plications; business organization and 
management; the economic system; and 
the governmental system. Scientists, in- 
ventors, engineers, business managers 
and professional students of economics 
and government are, in final analysis, 
cooperating in a common objective—that 


of increasing the capacity of mankind to 
satisfy their wants. 


} 


Each of these groups naturally thinks 


of itself as of primary importance, but 
the sanest conception is that every one 
of them is essential. Scientific discover- 


ies would not yield practical results if we 
did not have invention ; patented techno- 
logical apparatus and devices would be 
impotent were it not for 
applications to 
engineering 


engineering 
productive processes; 
ean function only in con- 
junction with a business enterprise which 
appraises favorably the feasibility of the 
development in relation to other factors 
of production and the potentialities of 
profit and loss. The individual business 
enterprise in turn will be thwarted if the 
economic defective ; the 
functioning of the economic system is 
dependent upon the character of the gov- 
ernmental 
developed. 

As a result of a combination of develop- 
ments, which can not here be summarized, 
these the situation 
came to work together so effectively as to 
give us a century or more of phenomenal 
progress. In the course of the nineteenth 
century, the population of Great Britain, 
for example, increased from 10} millions 
to 37 millions, while at the same time the 


system is and 


organization which has been 


various elements in 


standards of living rose approximately 


: 
i 
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four-fold. In the United States between 
1850 and 1930 the population increased 
from 23 millions to 123 millions; mean- 
while, the per capita production rose 
nearly three-fold. Scientific discoveries, 
inventions, engineering, effective business 
management and a successfully function- 
ing economic and governmental system 
combined to produce a truly golden age. 

In recent years, however, men every- 
where have been profoundly concerned 
over the future. For a combination of 
reasons we have had for a decade a cessa- 
tion of economic advancement ; indeed, in 
many places there has been economic 
retrogression. This arresting, not to say 
ominous, development compels us to re- 
examine fundamentals. Scientists feel a 
sense of frustration; inventors secure 
patents which run to waste for lack of 
commercial development; opportunities 
for engineers are restricted; business is 
physically depressed, and business men 
are spiritually demoralized; economists 
are perplexed; and government officials 
are both confused and apprehensive. 


THE OPERATION OF THE ECONOMIC 
SYSTEM 

Where is the source of difficulty in the 
complex process to which we have re- 
ferred? Is there something inherently 
defective in the economic system, or has 
it merely been operated badly? It must 
be borne in mind that under a system of 
individual business enterprise the eco- 
nomie system is operated by business 
managers in quest of profit. I wish, 
therefore, to review the basic principles 
involved and the procedures which must 
be followed if the economic system is to 
perform satisfactorily its essential fune- 
tion of producing and distributing an 
abundance of goods and services. The 
incentives for business enterprise and the 
mechanisms by which the system of pri- 
vate business enterprise is supposed to be 
operated have often been expounded by 
both professional economists and business 
leaders. 


First, it is contended that each business 
manager naturally stands to gain by in- 
creasing general over-all efficiency and 
thereby reducing costs of production. He 
may accomplish this result by the con- 
struction of a larger and more efficient 
plant, by the installation of better equip- 
ment, by the introduction of superior i 
ternal management, by improved methods 
of marketing, by integrating various 
stages in the productive process, or by 
combination of various methods. 

Second, having reduced costs of pro- 
duction, the business manager is in 
position to increase his profits in one or 
the other of two ways: He may continue 
to sell at the same price as before, enjoy- 
ing the advantage of a wider margin 
between cost and selling price, or he may 
expand the volume of his business by 
means of price reductions. It is reasoned 
that since the increase in efficiency which 
is responsible for the reduction in costs 
commonly involves an expansion of pro- 
ductive capacity, and since the maximun 
economies can be obtained when operat- 
ing at full capacity, the greatest profits 
will result if sales are expanded by means 
of a reduction of prices. In short, ir 
creased efficiency makes possible lower 
prices, and the profit incentive leads to 
actual reductions of prices. 

Third, the process naturally involves 
the continuous elimination of obsolescent 
or otherwise inefficient equipment and es- 
tablishments. The industrially fit, as 
gauged by ability to sell at a minimum 
price, alone survive; moreover, the effi- 
cient of to-day often become the inefficient 
of to-morrow. A particular business man, 
firm or corporation may survive over a 
long period of years, but only if the pro- 
duction methods employed keep always 
abreast of changing times. 

It is clear that with a system thus 
operating the standards of living would 
steadily rise. The progressive reduction 
of prices as efficiency increases would, of 
course, constantly increase the purchas- 
ing power of the masses, giving them an 
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increasing volume of goods for the same 


money. 

It should be carefully noted that this 
theory of progress implies that the reduc- 
tion in money costs must result from in- 
ereased efficiency rather than from a 
mere reduction in money wage rates. A 
reduction in wage rates may indeed lower 
money costs and prices; but since such a 
reduction increases neither efficiency nor 
the purchasing power of the masses, 
there is no resulting economic advance- 
ment. 

In order to reveal more distinctly what 
is involved in raising living standards in 
a pecuniary society, I state explicitly two 
principles as follows: 

First, the process of raising the stand- 
ard of living of wage-earners necessarily 
involves increasing the spread between 
wage rates and prices. That is, a wage- 
earner can the volume of his 
purchases from year to year only if wage 
rates are increased relatively to the prices 
of the commodities which he buys. If he 
gets more dollars and prices remain un- 
changed, his purchasing power is ex- 
panded ; if he gets the same number of 
dollars and prices decline, his purchas- 
ing power is expanded. There are, of 
course, other possible combinations of 
changes in wages and prices, but the pur- 
chasing power can not be expanded unless 
the spread between wages and prices is 
increased. 

Second, an increasing spread between 
wage rates and prices depends fundamen- 
tally upon increasing the efficiency of 
production. While minor and temporary 
increases in wages may sometimes be 
achieved by trenching upon profits, a 
progressive increase in the wage-price 
ratio depends directly upon the accelera- 
tion of technical advancement, improved 
management, increased labor efficiency, 
ete. Any practices or policies that tend 
to work in this direction are economically 
sound ; those which work in the opposite 
direction are economically unsound. 
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THE Roe or CHEMISTRY 
It is superfluous for me to attempt to 
instruct chemists about the significance of 
chemistry and the 
But since many chemists are specialists, 


chemical industry. 
deeply immersed in particular aspects or 
divisions of chemistry, it may be useful 
for them if I 
the development which has occurred in 


even summarize some ol 
the industry as a whole during the past 
fifteen years. I shall not, of course, pre- 
sume to say anything about the signifi- 
eance of individual chemical products or 
particular divisions of the industry ; 
comments will relate simply to the indus- 
try as a whole. 

The fundamental the 
chemical industry lies in its permeating 
influence. Chemistry is not merely a new 
industry which has added an important 


my 


significance of 


series of new products for human con- 
sumption. It is an industry, the achieve- 
ments of which profoundly affect the 
productivity of many other industries; 
indeed, its influence ramifies throughout 
the economic system. Chemistry is crea- 
tive, to use Slosson’s phrase, not only in 
the sense that it involves both analysis 
and synthesis, but also in that it yields 
practical results of great utility. 

Its primary creativeness lies in its 
fructifying influence 
across and underlies so many productive 
processes that the term fundamental is 
truly descriptive of its significance. As 
the science of the transformation of mat- 


Chemistry cuts 


ter, it not only relates to nearly every 
aspect of our lives from birth to death, 
but, as Stieglitz has written, its 

wizardry permeates the whole life of the nation 
as a vitalizing, and 
agent very much in the same way as our blood, 


protective constructive 
coursing through our veins and arteries, carries 
the and 
materials to every organ in the body... . It 
makes possible scientific control of such widely 


constructive, defensive life-bringing 


divergent national industries as agriculture and 
It governs the transfor 
mation of the salts, minerals and humus of our 
fields and the components of the air into corn, 


steel manufacturing. 
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wheat, cotton, and the innumerable other prod- 
ucts of the soil; it governs no less the transfor- 
mation of crude ores into steel and alloys, which, 
with the cunning born of chemical knowledge, 
may be given practically any conceivable quality 
of hardness, elasticity, toughness or strength. 
And exactly the same thing may be said of the 
hundreds of national activities that lie between 
the two extremes of agriculture and steel manu- 
facture! 


From the strict economic point of view 
the basic significance of chemistry is 
found not only in the wealth of new and 
important products that it has created, 
but also in the way in which it has af- 
fected efficiency and costs of production 
in the varied industrial fields to which it 
contributes. By developing new methods 
which improve the efficiency of produc- 
tion, as well as the quality of products, 
chemistry is cumulative in its influence. 
While we can not trace these effects in 
detail, it is possible to measure the 
achievements of the industry by analyz- 
ing its growth and its contributions to 
society as a whole in terms of available 
data respecting productivity in relation 
to prices, wages and profits. 

During the course of the past fifteen 
years the prices of chemical products as 
a group have declined about 16 per cent. 
Drugs and pharmaceuticals as a group 
show a substantially greater decline, 
amounting to about 22 per cent., while 
the prices of fertilizer materials de- 
ereased as much as 30 per cent. These 
declines may be compared with a de- 
crease in the average prices of manufac- 
tured products as a whole of about 12 
per cent.; and with a decrease in the 
average prices of all commodities, in- 
eluding agricultural and raw material 
products, of about 19 per cent. Thus, 
viewed from the standpoint of price re- 
ductions, the showing of the chemical 
industry is distinctly better than the 
average of American industry. 

We may examine next the wages paid 
in the chemical industry as compared 
with manufacturing as a whole. Be- 
tween 1923 and 1938 total wage dis- 


bursements in the chemical industry 
creased approximately 30 per cent 
hourly wages increased 31 per cent 
Meanwhile, in manufacturing as a wl! 
total wage disbursements declined 
approximately 10 per cent., thoug 
hourly wages increased by about 15 | 
cent. 

Employment in the chemical indust 
has expanded materially during 
course of the past fifteen years. (C 
paring the three years 1923 to 1925 wit 
the three years 1936 to 1938, we find tha 
employment has increased nearly 25 
cent. This is in sharp contrast with 1 
trend of manufacturing industry as 
whole, where the total number emplo} 
has declined by approximately 1 per cer 
These employment figures indicate b 
that the chemical industry has been 
dergoing rapid growth and also that 
improvements in productive efficier 
which have occurred have not been 
the expense of labor. As we have se 
the number of workers employed has 
creased materially, and wages have ris 
substantially. At the same time, in 
far as workers in the chemical indust 
are consumers of chemical products, t! 
have benefitted by products of improv: 
quality sold on a gradually declini 
price basis. 

These developments have of cours 
been made possible by a constantly 
creasing volume of investment in the 
dustry and by an increased producti, 
resulting from technological devel 
ments. In the past 15 years the fix 
capital investment of the four largest 
chemical companies has nearly doubled 
As an accompaniment to this expandi 


investment, together with improvements 


in management, productivity has great!) 
increased. The output per man hou 
has in fact increased by approximate!’ 
75 per cent. 

The return to stock owners has bee! 
unusually satisfactory. During the past 
15 years dividends have ranged from 5. 
to 13.5 per cent. on the book value 
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the stockholders’ investment. 
were maintained at a high level during 


the depression years. 

It is of interest that the investment 
in the chemical industries of the United 
States now exceeds 4 billion dollars, and 
is equal to about 7 per cent. of the in- 
vestment in all 
prises. Measured by the value of the 
sales, the chemical industry now ranks 
third in the United States, being ex- 
ceeded only by metals and metal products 
and food and kindred products, which 
represent broad industrial classifications. 

The achievements of the chemical in- 


manufacturing enter- 


dustry in recent years may be summar- 
ized as follows: 

Expanding capital investment and in- 
ereasing efficiency have made possible a 
reduction of prices ; an increase of wages, 
both hourly and aggregate; an increase 
of employment; and a comparatively 
high level of profits. At the same time 
there has been a great improvement in 
the quality and variety of products, some 
of which minister directly to the satis- 
faction of human wants and others of 
which contribute to increasing efficiency 
in a wide range of other industries. 

REQUIREMENTS FOR THE FUTURE 

At the present time, as every one is 
aware, grave fears are entertained by 
many with respect to the future of the 
economic system in this country. In 
recent years the view has been wide- 
spread that we have had so much scien- 
tific and technological advancement that 
we are menaced with over-production 
and that in consequence we must expect 
the rate of industrial to be 
severely curtailed. 

It is of interest to note for purposes 
of comparison that fifty years ago similar 
fears were expressed with respect to a 
great increase in productive capacity. 
In the middle eighties an eminent eco- 
nomic writer, David A. Wells, attributed 
the great depressions of trade in the sev- 
enties and eighties to the fact that ‘‘the 


progress 
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supply of the great articles and instru- 
mentalities of the world’s use an 
meree has increased, during the last t 
or fifteen years, in a far greater rat 
than the contemporaneous increas 

the world’s population or of its imme- 
diate consuming capacity.’’ Carroll D 
Wright, in an official government report 
in the late eighties, expressed a similar 
concern over the lack of investment op 
portunities and employment possibilities 
He wrote: 

The rapid dev n lad ' 
chine! have broug 5 I l 
° ver-produc ! The 1 s of i 
ha overst ked tl S s 
manufacturing plants far in excess 
of production. The day of large profits is prob 
ably past. 

Nevertheless, in the following forty 
years we experienced the greatest period 
of technological progress and industrial 
expansion in our history. There is no 
more reason for assuming in the lat 
1930’s that we have reached the end of 


there was for 
the same assumption in the late 
The the 
still far below the requirements for satis- 
factory standards of living. In 1929, 
the 
was about 81 billion 


industrial progress than 
1880’s 


income of American people is 


the year of our greatest production, 
total national income 


dollars, or the equivalent of about $660 
per capita—$2,600 per family. Twelve 
million families, or 42 per cent. of the 
total number, had incomes of less than 


$1,500; and 60 per cent. of the families 
At 1929 


income of $2,000 


had incomes of less than $2,000. 
prices, a family was 
sufficient to supply little more than the 
basic necessities required for health and 
speaking, it 


efficiency ; 


generally 
vided no margin for comforts and luxu- 
ries of life. Budgetary studies indicate 
that the provision of 
ards of living’’ 
nearly double that received by the masses 
of the American people in the year of 
our greatest production.’ 


stand- 


**reasonable 


would require an income 


1** America’s Consume,’’ The 


Brookings Institution. 


Capacity to 
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In the years that have elapsed since 
1929, however, there has been an actual 
curtailment of national productive ca- 
pacity, while at the same time we have 
had a further increase of population of 
more than 7 per cent. Per capita pro- 
duction in 1937—the best year of the re- 
cent recovery movement—was only about 
85 per cent. as great as in 1929. The 
available income was only a little over 
$500 per capita. So long as the great 
masses of our people have vast unful- 
filled desires we should obviously con- 
tinue to inerease productive efficiency 
in order to raise the standards of living. 


Is THERE Room FoR EXPANSION ? 


We may also consider still another ar- 
gument that has been advanced in sup- 
port of the view that the era of industrial 
expansion has ended and that improve- 
ments in living conditions in the future 
must necessarily be at a very much slower 
rate than in the past. A number of fac- 
tors and considerations lie behind this 
conclusion, the principal ones of which 
are: The disappearance of the frontier; 
the substantial completion of the build- 
ing of our great industries, with no sig- 
nificant new ones in sight; and the de- 
clining rate of population growth, fore- 
casting a stationary population in the not 
distant future. The severe and persis- 
tent character of the great depression 
which began in 1929 is also regarded as 
evidence that fundamental changes in 
the American economic scene have al- 
ready occurred. This conclusion is per- 
haps a natural outgrowth of the prevail- 
ing character of American economic de- 
velopment over the course of the past 
century. 

We had vast unsettled areas and unex- 
ploited resources; we had a rapidly ex- 
panding population, resulting both from 
a high birth rate and large immigration ; 
and we built a never-ending series of new 
industries—railroads, public utilities and 
manufacturing enterprises of every de- 


scription. In the light of this histo) 
and of the recent period of stagnati 

it is easy to understand how it mig 
appear on first thought that our futur 
so to speak, lies behind us. 

A factor of vital importance has, ho 
ever, been overlooked in this line of rea. 
soning. Before looking forward, let us 
look backward for a moment and ex. 
amine the sources of expansion in 
past. Economic activity—the use of our 
labor power and our capital equipment 
has always been directed to a double pur- 
pose: the production of goods to care { 
the needs of increasing numbers of peo- 
ple; and the production of increasing 
quantities of goods to meet the growing 
demands of the existing populati 
Stating the matter in other terms, we | 
only seek to produce enough to pro\ 
our children with necessaries, but we hope 
to enable them, as well as ourselves, t 
enjoy higher standards of living tha 
were attained by our predecessors. 

We may translate these general stat: 
ments into specific terms by refere: 
again to what actually occurred in t! 
great era of expansion from 1900 
1929. We did, it is true, devote ow 
energies to the production of primary 
goods and services for a steadily expand- 
ing total population, but at the same tim 
we were constantly producing more for 
the already existing population. In th 
course of this thirty-year period as 
whole, per capita income rose almost 4 
per cent. 

Is it not obvious that a cessation 
population growth does not render 
necessary for us to refrain hencefort 
from producing more and yet more 
the existing population? Are not t! 
unfilled wants and unsatisfied desires 
the present 130 millions of people just 
as real a source of potential demand as 
the elemental needs of those who ma) 
be born in the years ahead? The char- 
acter of our productive output miglit 
differ in considerable degree, but the 





eee 


shes 








total output need not be affected—that 
is. not until our desires are fully satiated. 
Studies indicate that we need have no 
eoncern on this score until the national 
income is at least three times its present 
. level. We have been accustomed to think- 
ing of expansion in terms of frontiers, 
geographic areas and numbers of people 
—that is, in extensive rather than inten- 
sive terms. Hence we are prone to over- 
look the vast potential markets that may 
be opened on the intensive frontier of 
development. 

If we are to expand this frontier and 
realize progressively higher standards of 
living—and, in the process, furnish in- 
creasing employment for both labor and 
capital—we must—as I have already in- 
dicated—operate the economic system on 
sound principles. I close with a re-em- 
phasis of the underlying requirements 
for continued progress. 

There must be constantly increasing 
efficiency in production on the part of 
both labor and capital. Only by ever- 
lastingly improving technical processes 
and lowering the costs of production can 
we obtain progressively higher standards 
of living. To try to accomplish this re- 
sult in any other way means simply tug- 
ging in vain at our collective boot straps. 

As efficiency is increased, the benefits 
must be broadly disseminated among the 
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high 


prices or a combination thereof 


wages, low 
This is 


masses by means of 
essential for a double reason : 

First, it is a fundamental requirement 
for social and political stability and the 
well-rounded growth of a democracy. It 
is doubtful indeed if 
political system can permanently main- 
tain itself 
goal of the greatest good for the greatest 
number. 

Second, a broad dissemination of the 


any economic or 


does maintain the 


unless it 


benefits of technical progress is necessary 
to provide the market demands for an ex- 
panding industry. Under our capitalistic 
system we produce to sell goods in the 
market. 
duce without correspondingly increasing 


If we increase capacity to pro- 


the capacity of the masses to purchase, 
we simply reach an impasse. TProduction 
schedules have to be restrained, with an 
accompanying retardation of the rate of 
economic progress. 

Industrial growth, development, prog- 
ress, require the expansion of consuming 
power step by step with an expansion of 
producing power. To put the matter in 
very simple terms: Healthy growth in the 
economic organism, like healthy growth 
in any other proceed 
from the deepest and broadest possible 
rootage. It must rest on the expanding 
well-being of the entire population 


organism, must 
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THE FOURTH KINGDOM 


By Dr. E. B. BENGER 
GENERAL ASSISTANT CHEMICAL DIRECTOR, E. Il. DU PONT DE NEMOURS & COMPANY 


At the dawn of history, we find man 
employing for all his needs materials as 
supplied by nature. Man secured food 
from plants and animals; clothing came 
from the same sources; and shelter was 
commonly afforded by a convenient cave. 
For thousands of years, nature, almost 
unaided, supplied man’s primary needs. 

Little by little, man learned to modify 
natural products. He chipped sharp in- 
struments and deadly weapons from 
rock ; he fashioned knives from naturally 
occurring metals, such as copper; he 
learned to weave rude fabrics. Probably 
through accident, glasses and metallic 
iron were found in the ashes of fires. 
Such discoveries perhaps marked the 
beginning of a new era. But progress 
was painfully slow. At times, nature 
seemed niggardly indeed in supplying 
the necessary materials for life and 
safety. Famine was not uncommon; 
pestilence and disease often took thou- 
sands of lives. As man became better 
organized in social and political units, 
the deprivations, sufferings and the need 
for better things, and more of them, led 
to taking these things from others by 
force. 

The acquisition of territory by force 
and by threat of force is not unusual in 
the world history. In fact, ever since the 
days of Alexander the Great, kings and 
emperors have expanded their empires 
through military conquest. This has, of 
course, chiefly been for the purpose of 
gaining additional materials—gold, cat- 
tle or grain. We have seen a number of 
such conquests even in the last few years. 
Even we, here in America, may have 
been guilty of acquiring valuable prop- 
erty through military aggression. 
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But America has acquired peaceful 
habits. This has come about, partly at 
least, from the fact that we have not b: 
forced to provide our needs by conquest 
America has obtained products of mo: 
enduring value than were ever won b 
Alexander or Cortez or Pizarro, a: 
without the use of swords, guns or poison 
gas. These products, which have 
creased our national wealth by untold 
millions, have become available throug! 
the peaceful conquest of matter. This 
conquest has been without wide-spread 
suffering or death; it has, on the con- 
trary, created new industries, opened u; 
millions of jobs, and made life happier 
and safer for all. 

We were taught in school that there 
are three kingdoms of matter—the ani- 
mal, the vegetable and the mineral. More 
recently, we have come to look upon the 
substances from the three natural king 
doms as raw materials rather than as 
finished products. We are still large 
dependent upon animals and vegetables 
for food, and from the earth we still tak 
metals, coal and other valuable minerals 
Many of these things are still employed 
more or less as nature provides them, but 
this is only because we have not yet bee: 
able to improve upon many of nature’s 
products. We can not now offer mor 
tender and juicy synthetic beefsteaks or 
a more beautiful man-made rose! 

The fourth kingdom, of which I shall 
speak to-day, has, however, become firm]; 
established, and the products of the 
fourth kingdom, made in turn entirely 
from the animal, vegetable and mineral 
kingdoms, now supplement the products 
from the three original kingdoms them- 
selves. 
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The conquest of the fourth kingdom 


was slow in getting under way. It is far 
from complete now, after a century of 
incessant and increasing attempt. Pos- 
sibly we can say that inroads on the new 
kingdom began in 1828, when Wohler 
synthesized for the first time an organic 
material occurring in nature, namely, 
urea. Until that time it was believed im- 
possible ever to produce artificially the 
products produced by animal or vege- 
table life. Wohler’s disproof of this 
theory may be taken as the first stroke in 
the conquest of the fourth kingdom. 

About thirty years after Wohler, a 
young British chemist, Perkin, undertook 
to synthesize quinine. He failed, but, as 
is often the case in an experimental work, 
achieved a result of greater importance 
than the one he sought. He didn’t get 
quinine, but he made the first synthetic 
eoal-tar dye. We can still get natural 
quinine in quantity, but we wouldn’t 
want to do without the thousands of 
synthetic colors which brighten our lives. 

With these simple beginnings, it be- 
came apparent that nature’s products 
could be employed in the construction of 
entirely new compositions, which in turn 
could be used in countless ways. The 
conquest of the new kingdom, the chemi- 
cal kingdom, then was undertaken more 
earnestly. To-day, the conquest is car- 
ried on by an army of 32,000 research 
workers in over 1,700 laboratories in the 
United States. The maintenance of the 
army costs $250,000,000 a year, which, 
after all, represents a very cheap cam- 
paign; in fact, not as much as we spend 
on cosmetics. 

I shall now mention some of the mate- 
rials which we have acquired by the con- 
quest of this new kingdom. 

The textile industry is a very old one, 
dating back to the earliest records of 
man. For four thousand years no new 
textile fiber appeared. You are familiar 
with the amazing development of the 
synthetic yarn, rayon, which in the last 
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two or three decades has sprung into 
being and grown so fast that now seven 
times as much rayon as silk is used in 
America. This rayon, made from the 
cellulose of cotton and wood, has been 
dependent upon the vegetable kingdo 
for its basic material. But recently, vou 
have heard that an entirely new fibe1 


dependent only upon the mineral ki 
dom, has been made. I refer to nylon 
a family of new syn 


a name coined for 
thetic compounds. Nylon has astru ire 
somewhat like that of proteins, and from 
it can be spun filaments of extreme fine 

ness, stronger and more elastic than any 

of the natural fibers. Probably the most 
important of the early uses for nylon will 
be in women’s fine hosiery. It is also 
] 


foods, cloves. 


hoped, however, that dress 
draperies and upholstery may be pri 
duced from this new synthetic product. 

Incidentally, from nylon we 


have available the new ‘‘Exton’’ bristle 


} 


already 
for use in toothbrushes. These bristles 
are more durable, soften less when wet, 
and do not shed. From bristle-like mate- 


rials we also have fishing leaders and 
fishing lines. 

I mentioned Perkin’s 
mauve. Previously the textile industry 


was entirely dependent upon vegetable 


discovery ot 


and animal colors. These natural dyes 
were limited in number and in m: 
cases the fabrics colored with them were 
dull and faded when washed or exposed 
to light. 
ural dyestuffs were very expensive 


iny 


Furthermore, many of the nat- 
The 
Tyrian purple of Biblical times was ob- 
tained from a found in the 
Mediterranean, and purple woolen fab- 
rics were so costly that they could only 


shell-fish 


be bought by kings and nobility; hence 
the term ‘‘royal purple.’’ To-day, the 
chemist makes a complete rainbow of 
bright, fast colors from coal tar, far ex- 
ceeding in brilliance and permanence the 
royal purple of antiquity, and at a cost 
so low that colors are abundant in even 
the poorest of our homes. 
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The modern textile industry could not 
exist without the dyestuffs and fibers of 
the fourth kingdom. 

Many accessory textile chemicals have 
also been made synthetically. Thus fab- 
rics are made more resistant to creasing 
and wrinkling and more water-repellent 
and freer from spotting by rain because 
of chemical treatments. We also have 
the new ‘‘soapless soaps,’’ which work as 
well in hard water as in soft water, and 
wetting agents to speed up the bleaching 
and dyeing operations—agents so potent 
that water to which a small amount has 
been added will actually cause a duck to 
sink. We have effective moth-repellents, 
mildew inhibitors and a new chemical 
which renders fabrics flameproof. 

From the mineral kingdom comes the 
coal, limestone and salt needed for the 
manufacture of another valuable syn- 
thetic which, strangely enough, closely 
resembles in certain respects an impor- 
tant product of the vegetable kingdom— 
rubber. I have reference to neoprene, 
the man-made rubber-like material, 
which, although similar to natural rub- 
ber in elasticity, toughness and strength, 
is wholly different in chemical resistance. 
Whereas rubber is attacked and de- 
stroyed by oils and greases, neoprene is 
resistant to them. It is because of this 
that neoprene, although now selling at 
about four times the price of rubber, is, 
nevertheless, finding an increasing outlet 
in the manufacture of such items as hose 
for gasoline pumps, industrial and house- 
hold gloves, printing rollers, belts for 
conveying oily materials and numerous 
other purposes where rubber is inade- 
quate. For certain of these purposes, 
neoprene outlasts rubber ten to twelve 
times or even more. 

Among the hundreds of applications 
for this man-made rubber are some 50 
uses in the automobile industry alone, 
including insulation for ignition cable 
and horn wire, shock absorber gaskets, 
thermostat diaphragms and water-pump 
seals. 


Among the numerous products of the 
new chemical kingdom, probably nop; 
finds wider application than the map. 
made plastics. Supplementing and dis 
placing such natural products as woo 
metals, rubber, shellac, ivory, tortois; 
shell, jade and amber, the synthetic plas- 
ties find application in the manufact 
of literally thousands of articles—motioy 
picture film, automobile accessories, rad 
cabinets, windshields for airplanes, ele 
trical appliances, lighting equipm 
plates for false teeth, toiletware, as} 
trays, buttons and buckles, scuffless s] 
heels and costume jewelry. 

Laminated plastics, made by combip. 
ing a number of sheets of plastic-impreg. 
nated cloth, paper or wood under hig! 
pressure at an elevated temperature, pos- 
sess great strength, and are according]; 
used in making such articles as wal! 
board, instrument panels and gear wheels 
—supplementing or wholly replac 
such natural materials as wood, metals 
and slate. In the not distant futur 
these laminated plastics may play 
important part in the construction 
automobiles and airplanes. 

One of the newest plastics is ‘‘ Lucite” 
methyl methacrylate plastic, made from 
coal, air and water. Because of its tough- 
ness and transparency, this new mater 
is finding application for a variety) 
uses, both decorative and industrial. Fo 
example, the reflector buttons along 
Route 16 between Detroit and Lansing 
Mich., are made of ‘‘Lucite,’’ and dur 
ing the first three months following i: 
stallation of these reflectors there wer 
79 per cent. fewer night accidents than 
for the corresponding period before the) 
were installed. Their effectiveness is 
shown by the fact that during the same 
period daytime accidents declined onl; 
37.5 per cent. 

A very recent addition to the plastics 
family is ‘‘Butacite’’ polyvinyl acetal 
plastic, used as the interliner in lam- 
nated glass. Because of its strength, 
toughness and flexibility, particularly at 
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low temperatures, “‘Butacite’’ makes 
possible the safest safety-glass ever made. 
At the Franklin Institute in Philadel- 
phia a nine-ounce steel ball was dropped 
85 feet onto a sheet of this new safety 
glass. The glass was, of course, cracked, 
but it did not shatter, and observers 
seated within four feet were in no danger 
from flying splinters. 

Camphor is an essential part of the 
nitrocellulose or celluloid-type plastics 
used in making motion picture film and 
dozens of other products. For many 
years, this material came from the cam- 
phor trees of Formosa, an island in the 
Pacific owned by Japan. The Japanese 
controlled the world market for camphor 
and, with it, the price. But in recent 
years chemists have worked out a process 
by which turpentine from our southern 
pine trees is converted into camphor that 
is chemically identical with that obtained 
from camphor trees of faraway Formosa. 
To-day the du Pont Company is produc- 
ing a substantial part of our total domes- 
tic consumption, and in an emergency 
additional plant capacity could be pro- 
vided to take care of our entire domestic 
requirements. In 1918, the price of im- 
ported camphor reached $3.75 a pound; 
to-day the synthetic product sells for 
around 35 cents a pound. Quite a dif- 
ference! 

For nitric acid, nitrogenous fertilizers 
and other forms of combined nitrogen so 
essential to industry and agriculture, 
man was formerly dependent largely 
upon natural deposits of sodium nitrate 
in Chile. These materials are now sup- 
plied from the fourth kingdom. The 
chemist takes nitrogen from the air and 
hydrogen from water and, at an elevated 
temperature and tremendous pressure, 
forces these two gases to combine in the 
form of ammonia. From this ammonia 
is made the nitric acid needed in the 
manufacture of nitrocellulose for plas- 
ties, lacquers, smokeless powder and 
‘“‘Fabrikoid’’ pyroxylin-coated fabrics. 
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Nitric acid is used also in making ferti 


lizer chemicals such as sodium nitrate 
Another fertilizer chemical is urea, a 
product once obtained only from animal 
but made by du Pont 
from coal, air and water in tremendous 


secretions, now 
quantities. 

In addition to its use as a 
chemical, urea finds application in the 
manufacture of an important type of 
plastic which is widely used in making 
light fixtures, unbreakable tableware and 


fertilizer 


housings for counter scales. Urea is also 
finding an increasing outlet in the field 
of medicine, to replace the maggots once 
used in the healing of certain stubborn 
infections, particularly of the bone. 
Formaldehyde, made from methy! al- 
cohol, is another important chemical used 
in the manufacture of plastics, in com 
bination with urea, casein from milk or 
phenol from coal tar. Formerly methyl 
alcohol, known more commonly as wood 
alcohol, was obtained by the dry distilla- 
tion of wood. To-day, 
Belle, W. Va., the methyl! alcohol used in 
making formaldehyde, and for a wide 


in a plant at 


variety of other industrial purposes, is 
produced by synthesis, again starting 
with coal, air and water. 

The farmer and fruit grower turn to 
the new kingdom of synthetics for im- 
proved weapons with which to combat 
the plant diseases and hungry insects 
which are responsible for losses estimated 
at more than three billion dollars a year. 
From the research laboratory have come 
improved insecticides, such as the new 
**Loro”’ 
to humans than nicotine, and which un- 
like rotenone and pyrethrum, are based 


insecticide—materials less toxic 


on domestic raw materials. 

Whereas man formerly went directly 
to the vegetable and animal kingdoms for 
perfumes and flavors, to-day nature’s 
products are supplemented by synthetics 
from a variety of sources, including malo- 
dorous coal tar. And certain odors are 
to be had only as synthetics—that of the 
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lilac, for example, which is so delicate as 
to be destroyed when an attempt is made 
to take it from the flower. 

The characteristic ingredient of musk, 
obtained from deer that live in the lofty 
mountains of Tibet, would be worth some 
$40,000 a pound if it could be had in a 
perfectly pure state. But the new chem- 
ical kingdom has recently provided 
** Astrotone’’ synthetic musk, substan- 
tially identical with the characteristic 
ingredient of natural musk, at only a 
fraction of the cost. 

And last, but not least, the medical 
profession would be well-nigh lost with- 
out the materials of the fourth kingdom. 
The physician and surgeon turn daily to 
the realm of synthetics for chemicals that 
nature either failed to make or to provide 
in quantities sufficient for our needs— 
anesthetics which are not habit-forming, 
chemicals which may safely be used for 
allaying fever and pain, vitamins to sup- 
plement our diet, hormones for the cor- 
rection of various mental and physical 
disorders and drugs which are specifies 
for certain diseases. 

Within recent years, the chemist has 
synthesized several of the vitamins— 
those materials occurring naturally in 
small amounts in certain foodstuffs, 
which are so essential in warding off 
rickets, pellagra and other deficiency 
diseases. It has recently been found, for 
example, that synthetic ascorbic acid is 
identical with Vitamin C found in fresh 
fruits and vegetables, a deficiency of 
which leads to scurvy, fragility of the 
bones and loosening and decay of the 
teeth—ills once common among sailors 
on long voyages. 

Members of a late Mount Everest ex- 
pedition took along a supply of synthetic 
Vitamin C instead of the large quantities 
of fresh fruits and vegetables which 
would have been necessary to supply 
them with an adequate amount of this 
highly essential vitamin. 

The research chemist has established 
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the constitution of, and synthesized 
tain of the hormones, those little-w 
stood secretions of the ductless 
which in some mysterious way ree 
the functioning of our bodies and n 
Research is constantly being direct: 
a better understanding of these com; 
powerful chemical substances, an ex 
or shortage of which may deter 
whether we are giants or midgets, b) 
or cowardly, feeble-minded or poss 
of a vigorous intellect. 

Even the degree of one’s mascu! 
or femininity now appears to be a 1 
ter of hormones, and recent researc! 
shown that by the injection of a s: 
amount of the proper sex hormone a t 
cat can be made to mother a litte: 
kittens, and by similar treatment the 
lant and haughty barn-yard rooster is 
transformed into the maternal-like ¢ 
dian of a flock of biddies. What 
future is for sex hormones no one can s 
with certainty, but there are indications 
that timid souls such as Caspar Milqu 
toast may be transformed overnight 
Robin Hoods. 

Since the advent of ‘‘Salvarsa 
thirty years ago for the cure of syphilis 
no synthetic chemical has met with s 
welcome a reception, or shown great 
promise, than sulfanilamide. Altho 
introduced into the United States on 
few years ago, this new healing agent | 
already saved the lives of thousands su 
fering from ‘‘blood poisoning,’’ p 
tonitis, streptococcic sore throat, cl 
birth fever and other dangerous maladies 
due to streptococcic infection. 

And during the past few months 
related synthetic chemical, sulfapyridin: 
has shown great promise in the treatment 
of various types of pneumonia, whic! 
claims each year a toll of some 100,00 
lives in the United States. 

Thus we see that the products of the 
new chemical kingdom minister unto « 
needs on every hand. Without them, 
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modern industry would be paralyzed, 
much of beauty would be gone from our 
lives, and living itself would be more 
hazardous. 

Consider, for a moment, the field of 
transportation. To this all-important 
field the fourth kingdom supplies steels 
and other alloys without which there 
would be no automobiles, airplanes or 
modern trains. This new kingdom pro- 
vides the blasting agents needed for min- 
ing the metals from which these alloys 
are made. It supplies the quick-drying 
finishes to facilitate mass production ; tire 
fabrics of rayon which add greatly to the 
life of truck and bus tires on long, non- 
stop runs; improved fuels which made 
possible the modern 
motor; extreme-pressure 
sential to the hypoid gear ; lead tetraethy] 
to prevent knocking; antioxidants for 
gasoline to inhibit the formation of gums 
which would clog up the motor and fuel 


high-compression 
lubricants es- 


lines. 

From this new kingdom of synthetics 
come chemicals which speed the vulcani- 
zation of tires, and other chemicals which 
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sunlight 


tion | 


rubber which 


retard their deter 
and air; the 


serves where the natural 


1lOTra 
man-made 
product is un- 
suited ; chemicals for plating; and plas 
tics for safety glass and accessories 

And the end is not yet in sight 
shall we turn to find the new materials 
demanded by an industrial 
order whose very watchword 

In the field of transportation, where 
new materials ¢a 


shall we turn to find 
pable of 


standing 


increasing speed by land, water and air? 
Where will the farmer t 


better fertilizer materials and s 
cides ? 

Where will the medical profession turn 
to find a cure for cancer and like ‘‘ineur 
able’’ diseases ? 


Where but to the laborat: 
mental and applied research ? 

The unsolved problems of industry and 
agriculture, and the pl vsk al and mental 
for 


ills which there is as vet no cure, 


stand as a challenge to the research work 
ers of the fourth kingdom, whose motto 


is, “We serve = 











SCIENCE AND THE WORLD OF TO-MORROW 


By Dr. ROBERT 


DIRECTOR OF THE NORMAN BRIDGE LABORATORY OF PHYSICS, CALIFORNIA INSTITUTE OF TECHNOLO 


Even though ‘‘prophecy is the most 
gratuitous form of mistake,’’ and even 
though there is obviously the possibility 
that something so completely foreign to 
my thinking may happen as to make any 
prognosis that I may hazard now look 
ridiculous in the years to come, yet I am 
going to be foolish and rash enough to 
forecast that, barring the return of the 
dark ages through the triumph the world 
over of tyranny over freedom, of the 
spirit of world conquest over the spirit 
of reason and peaceful change, life in 
America fifty or a hundred years hence 
will not differ nearly as much from the 
life of to-day as the life of to-day differs 
from that of a century or even a half cen- 
tury ago. The processes and techniques 
that have been responsible for the enor- 
mous changes of the last century will con- 
tinue to improve our economic and social 
well-being, but the main changes will 
come from a more general understanding 
by the voting public of the nature of 
these processes and a more intelligent use 
of them. This will mean the gradual 
elimination of the effort to violate natural 
and social laws or, arithmetically stated, 
to make two plus two equal six, as we 
have been so ignorantly and so disas- 
trously trying to do in much of our social 
floundering of recent years. 

So long as one is considering only the 
physical or biological bases of change the 
informed and competent scientist has 
some reason for confidence in his analysis 
as to the general direction which progress 
can and must take. He at least knows 
a great many sorts of things that will not 
happen, and these are in the main the 
very things that the uninformed dream- 
ers and wishful thinkers—the emotional 
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pseudo-reformers, not the real ones ! 
hope and expect to see happen. Thus, we 
shall never be able to transform the 
energy released in the burning of coal or 
in the absorption of the sun’s rays di- 
rectly and completely into electrical ep. 
ergy. Indeed, we shall never be abi 
to go very much farther in this direction 
than we have already gone. 

To-day the most efficient internal cor 
bustion engines transform into work 35 
per cent. of the heat energy released 
the burning of the fuel, and it is safe t 
predict that in continuous operation we 
shall never be able to make very great 
advances beyond this limit. By that | 
do not mean that through improvements 
in details efficiencies in the neighborhood 


of say 50 per cent. are completely out of 


the question. But in any case, the so- 
called second law of thermodynamics 
which has now taken its place as a part of 
the core of established knowledge in 
physies, stands in the way of the realiza 
tion of the dreams of the multitude of 
inventors and magicians who still want t 
transform the sun’s heat rays directly 
and completely into work. Though the 
knowlege that it can not be done is less 
than a hundred years old, it is about as 





firmly established as is the law of gravita- 
tion. 

I have chosen the foregoing illustration 
because it lies at the very base of any 
correct analysis of what science has done 
and of what it is capable of doing in the 
future in bettering man’s lot on earth. 
Let us look first at what it has done, for 
this will enable us to understand better 
what it can do. When in 1825 my grand- 
father loaded into a covered wagon his 


young wife, his Lares and Penates and 
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all his worldly goods, and trekked west 
from Stockbridge, Mass., first to the 
Western Reserve in Ohio, and again in 
1838 to the banks of the Rock River in 
western Lllinois, the conditions of that 
migration, the motives prompting it, the 
mode of travel of the emigrants, their 
various ways of meeting their needs and 
solving their problems, their whole out- 
look upon life, were extraordinarily like 
those which existed four thousand years 
earlier when Abraham trekked westward 
from Ur of the Chaldees. In a word, 
the changes that have occurred within 
the past hundred years not only in the 
external conditions under which the aver- 
age man, at least in this western world, 
passes his life on earth, but in his super- 
stitions, such as the taboo on the number 
thirteen or on Friday sailings (why, my 
own grandmother carried a dried po- 
tato in her pocket to keep off rheumatism ) 
in his fundamental beliefs, in his philos- 
ophy, in his conception of religion, in his 
whole world outlook, are probably 
greater than those that occurred during 
the preceding four thousand years all 
put together. Life seems to remain static 
for thousands of years and then to shoot 
forward with amazing speed. The last 
century has been one of those periods of 
extraordinary change, the most amazing 
in human history. 

If, then, you ask me to put into one 
sentence the cause of that recent rapid 
and enormous change I should reply: ‘‘It 
is found in the discovery and utilization 
of the means by which heat energy can be 
made to do man’s work for him.’’ The 
key to the whole development is found in 
the use of power machines, and it is a 
most significant statistical fact that the 
standard of living in the various coun- 
tries of the world follows closely the 
order in which so-called labor-saving de- 
vices have been most widely put into use. 
In other words, the average man has to- 
day more of goods and services to con- 
sume in about the proportion in which he 
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has been able to produce more of goods 
and services through the aid of the power 
machines which have been put into his 
hands. In this 
expended about 13.5 horsepower hours 
per day per capita 
100 human slaves for each of us; in En- 
gland the figure is 6.7, in Germany 6.0, 
in France 4.5, 
0.9, in China 0.5.' 
this use of power is why our most im 


country there is now 


the equivalent of 


in Japan 1.8, in Russia 
In the last analy S18, 


portant social changes have come about. 
This is why we no longer drive our ships 
with human slaves chained to the oars as 
did the Romans and the Greeks. This is 
why we no longer enslave whole peoples, 
as did the Pharaohs, for building our 
public structures and lash them to their 
tasks. This is why ten times as many 
boys and girls are in the high school 
to-day in the United States as were there 
in 1890—more than five million 
half a million then. 
have now an eight-hour day instead of, 


now, 


This is why we 


as then, a ten, a twelve—or sometimes a 
fourteen-hour day. 
on the average an automobile for every 
family in the country. This is why the 
lowest class of male labor, 1.e., 


This is why we have 


unskilled 
labor, gets nearly twice as much in real 
wages in the United States as in En- 
gland, three times as much as in Germany 
or France, and thirteen times as much 
as in Russia, and this is why the most 
abused class of labor in the world, 
domestic service, is even better off rela- 
tively in this country though completely 
unorganized, i.e., through the unham- 
pered operation of economic laws, than 
is any other class of labor, skilled or un- 
skilled. 

Do not think that these are the one- 
sided pronouncements merely of an en- 
Any one can check 
study them. 

Compton’s 


thusiastic scientist. 
them who will begin to 
Listen to President Karl 


1 These figures are substantially as given in 


Am. Economic Review, 1933, p. 58, Read; and 
in ‘‘ Toward Civilization,’’ Hirshfeld, 1929. 


ps niente, 
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formulation of the results of his similar 
historical studies. He says :* 


From the days of the cave man, all through 
history up to the modern era of science, there 
were only two primitive recipes for securing the 
materials desired for the more abundant life. 
One was to work hard and long in order to pro- 
duce more, and the other was to take the good 
things of life from some one else, by theft, con- 
quest, taxation or exploitation. 

To get the good things of life by taking them 
from others is a primitive instinct, undoubtedly 
developed by the age-old struggle for existence. 
We have all seen monkeys, or seagulls, or wolves, 
or pigs snatching food from each other, fighting 
to possess it, or shouldering each other away 
from the trough. When human beings carry this 
philosophy too far beyond the accepted stand- 
ards, as did Jesse James and John Dillinger, we 
call them ‘‘public enemies.’’ But this same 
philosophy of taking what we want from others, 
by violence and trickery, or by legalized strategy 
and force, has run all through human history. 

But, in reecnt times, modern science has devel- 
oped to give mankind, for the first time in the 
history of the human race, a way of securing a 
more abundant life which does not simply con- 
sist in taking away from some one else. Science 
really creates wealth and opportunity where they 
did not exist before. Whereas the old order was 
based on competition, the new order of science 
makes possible, for the first time, a cooperative 
creative effort in which every one is the gainer 
and no one the loser. 

For this reason, J believe that the advent of 
modern science is the most important social 
event in all history. It marks the point at which 
men have come to understand themselves and 
the world they live in well enough to begin sys- 
tematically to control the hidden forces of 
nature to their advantage. Already science has 
done wonders to raise the standard of living 
and of knowledge, but these hidden forces are 
so great that we are assuredly only at the begin- 
ning of things possible. 

Some significant facts regarding the effect of 
the machine on the wages and employment of 
the worker are these: Counting 1840 as about 
the year in which power machinery came to be 
important in the United States, we find a steady 
increase since that date in the ratio of average 
wages to average prices of commodities, so that 
it is now about seven times what it was in 1840. 
In other words, the average wage earner in 
America can to-day buy seven times as much 

2‘*The Social Implications of Scientifie Dis- 
covery.’’ Published by the American Philo- 
sophical Society, Philadelphia, March 15, 1938. 


with his wages as he could in 1840; or m 
twice as much as he could in 1910. Als 
increasing population and inecreasin 
labor-saving machinery, the percenta 
population gainfully employed increased 2 
cent. between 1870 and 1930. 
More material progress has been mad: 

the past one hundred and fifty years 


a 
4 
r¢ 
— 


American system of business enterpris 
during all the preceding centuries in 
tory. This record of achievement is a ¢! 
to those who would radically change t! 
tem. . . . Under this system, the United § 
with a population of less than 7 per 
the world’s total, controls about 40 per « 
the wealth of the world. One hundr 
ago the average person had about 52 wa 
which 16 were regarded as necessities 
the wants number 484 on the average, of 
94 are looked upon as necessities. 


These facts, with their primary caus 
are basic in enabling us to forecast 
possibilities of improvement in the 
tury that is ahead. They make it 
nigh certain that we shall increas 
economic well-being in the future just 
we have in the past in just the pr 
tion in which we continue to app! 
ence and engineering to our indust 
and thus produce more and more in g 
and services per man hour, thus fre 
more and more men, more and more 1 
and more and more brains for educat 
for research, for art and for all the ot 
service industries. There is a saturat 
point for automobiles and radios 
there is no such thing as saturation 
education or the service industries ¢ 
erally. 

Civilization consists in the multip] 


tion and refinement of human wants 
It is a simple historical fact that these 


wants have actually developed 
great rapidity wherever and whene\ 
labor-saving machines have been rapi 
introduced. In 1900 60 per cent. of 
population was on, or supported 
mediately by, the farm; in 1930 not « 


3’ This last paragraph of the quotation 
Compton he in turn takes from a pamphlet 
tributed by the First National Bank of Bost 


ver 
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‘cent Without serious unemploy 
in that period the millions of dis 
found their into 


ed tarmers way 


wes, service stations, newly created 
retarial jobs, news reporting, a newly 
ted telephone service, advertising, in 
mee. gardening, domestic service and 
uusand other service industries, and 
serious or prolonged unemployment 
irred until the enterprisers who nor 
ally create the new jobs began to be 
suppressed, legislated against and scared 
by unwise financial and political policies 
The faster science and engineering are 
applied to industry the faster we ought 
progress. There is literally no other 
way of comparable effectiveness to raise 
the standard of and the 
in its effectiveness is in getting 


living, chief 
element 
more power into the hands of the laborer 
so that he can produce more for himself, 
for in the last analysis the laborer taken 
as a whole gets under almost any modern 
social system practically all that he pro 
According to the United States 
Department of Commerce, in 1936 labor 
66.5 per the 
Indirectly it received 
the idle 
fraction 


duces. 
received directly cent. of 
national income. 
nearly all the rest of it, 
rich 
of the population and they pass on prac- 
tically all that they 
of some kind. 

My forecast of the future, then, must 
depend on what the future’s sources of 


since 
represent an insignificant 


receive to workers 


power are to be and on the cost of that 
power. That is why | began with a con- 
sideration of the possibility of getting 
more work out of a pound of coal. At 
the 


coal and oil, with water playing a minor 


present main sources of power are 


role and being in general more expensive. 
This situation will continue for a thou- 
sand years, for though the oil will per- 
haps be gone in fifty years, the coal will 

4 These figures are taken from the U.S. Census, 
which classifies as belonging to the ‘‘ rural popu 
lation’’ all persons living in the country or in 
cities, towns and villages of less than 2,500 in 


habitants. 
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ast for at leas e) Phe 
big stean pia Ss \ | iS 
efficient as tl st Diesel motor. b ’ 
small px wer } ’ ses } tor vel es and 
the like, the n mbustion re 
is and will continue to be indispensable 
However, we alrea know how to make 
liquid fuel fron al. so that whe 
Ss gone we shall st ve able to get id 
fuel for our int mbus eS 
There are, | thi no other ssible 
sources of power of comparable cheap 
ness. When the ind the coal a f 
we shall get ir ] ver either adirectty 
trom the sun th rh solar motors, or 
wind mills or tidal machines, or else in 
directly through growing and burning 
plants; but it w then cost us more than 
it does now So Tar as tapping the energy 
‘locked up in the atoms’’ is concerned 
we Can count that out We can of irse 
do it now in principle through radio 
activity, but I see possibilit fifty 
Vears from now or ever supp the 
world’s power neeas, or even a minute 
portion of them, from any such source 

For the foregoing reasons, then, fifty 
vears from now the world vw to 


the point of view of power, not 


what it 


us, Trom 


| 
LOOKS Now 


so very different from 


Air travel will of course have increased 
but the great bulk of the freight w vO 
as now by surface vehicles or by steam 
ships propelled in the essential parti 
ulars much as they are to-day. The art 
oF communications too, 18 already a 


pretty well art, and though it 


pertected 


may be considerably cheaper than now, 
more messages being simultaneously 
carried over a given cable, so far as the 
techniques used are concerned | do not 
expect any very radical or startling 
change 

Among the natural sciences biology 
has the opportunity to do the big new 
things so far as their immediate effect 
on human living is concerned, and I 


have no doubt that in the field of public 


health the control of disease, the cessation 
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of the continuous reproduction of the 
unfit, etce., big advances will be made, but 
here I am not a competent witness, and I 
find on the whole those who are the most 
competent and informed the most con- 
servative 

The most burning and most uncertain 
situation about the future has to do with 
social and political matters, and it should 
be remembered that all the foregoing 
forecast was based on the assumption 
that our present civilization would not be 
destroved by man’s present or prospec- 
tive international wickedness, stupidity 
and folly. I know of no direct way in 
which science can prevent that, for I see 
no prospect of our ever being able to turn 
some new type of ray upon a dictator 
filled with the lust of power and con- 
quest and thus transform him into a 
humanitarian. Indirectly, however, the 
sciences of explosives and poison gases, of 
aerodynamics, of communications with 
its corollary, the rapid spread of knowl- 
edge among the people, are doing the 
work. It was the fear of the bombing of 
London and Paris that prevented the be- 
ginning of another world war last Sep- 
tember. The peoples of all countries, 
including the dictatorships, are coming 
more and more to the realization that 
such another war can bring only death 


and destruction to everybody—t] 
of civilization, not the world domi: 
which the demagogic leader pro: 
It 's the rapid spread of knowled 
the »ffective methods that modern s 
has developed that gives good eroul 
hope that a world war will not com: 
science of geology has shown that s 
thine like three fourths of the eoa 
the metals, the ultimate sources of p 
are in the democratic countries. 
fact together with the knowlede: 
these countries can be and have alr 
been roused to arm to defend thems: 
is the great influence that makes for 
tinued peace in the world to-day 
that gives promise that a perma 
method of assuring peace may ultim: 
be worked out. But these countries 1 
have the intelligence, the long-range 
fishness to see the hopelessness, the { 
at a time like this of a policy of divis 
and isolation. They must obvious 
seems to me, join their powers in tin 


show the international bandits the | 


lessness of their threatened spring at t 


throat of the world. If they, includ 


ourselves, will do this, then I think th 


will be no war, and then I stand by 
prognosis of a golden age ahead thro 
the further growth of science and its 
plication to the well-being of mank 
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SEA FLOORS OF GLACIER NATIONAL PARK 


By Dr. CARROLL LANE FENTON 


Mon- 
called 
Peaks of buff, 
blue 


Vear the northwestern corner of 


lie what Meriwether Lewis 


‘shining mountains. ”’ 
and vreel rise in two ranwes: 
es extend from the plains into valleys 


Yellow 


snowdrifts, 


‘lied by many-hued = rocks 
wers grow at the edges of 
snow-swept basins the ice 

They, and much 
reater ice streams of the past, give their 
ame to Glacier National Park 


The region has 


while in high, 


f sixty glaciers gleams. 


contrasts as well as 


lor. Meadows surround vast rock- 
canyons alternate with cliffs. In 
tall 


Passes 


heaps ; 


the valleys are Douglas firs and 


edars, While stunted 


support 


pines and willows whose catkins stand 


two 
Along the eastern 


eround. 
Park, 


mountains rise abruptly from plains, and 


barely inches above the 


border of the 
old rocks stand on top ol ones. 
Those old 


and peak 


young 
high 


yet their beds contain beaches 


rocks form ever) ridge 


and sea bottoms, and show how storms 
swept muddy shallows, 650,000,000 years 
ae 

A topsy-turvy, paradoxical jumble? It 
seems so to many a tourist who tries to 
grasp it as he travels by bus or heavy- 
footed 


those who walk, for they 


less confusing to 


cayuse. It is 
have time to 
ook, to think and to piece misplaced sec- 
tions together. In the end, hikers have a 


story which ‘‘makes sense,’’ even though 
t does mingle upheavals with such every- 
day affairs as wind and sandstorms blown 
from dry hills. 

This story begins in the late Proterozoic 


North 


America existed in these days, of course, 


Era, some 650.000.000 vears ago. 


A detailed statement of evidence on whic! 


based has beer 
1937 


nelusions in this article are 
iblished in the Bulletin of the 
s ciety of 


{merica, $8: 1873 1970, 





Dut Was 1 ee 
which we trave | rohah 1s 
bigger and warme! It also supported at 
least TWO Seas (one of these spread } ti 
ward across Arizona, at least as { as 
Wvoming Phe other advaneed tre thie 
Arctie Ocea I) probab | 
waters with the sea whose shoals and 
muds now li ir ¢ the Grand 


Canyo! 

Rocks of the s] 
formed in the sea that al 
the Arctic Ovear 


narrow and shallow: the part of it which 


were 


we know best was never very far from 
land. Rivers flowed from that land. 
bringing loads of sand and silt. as well 
as dissolved minerals such as dolomite 
and lime. For millions of vears thes 


sediments gathered, while the sea 


intermittent! Sank At last t held a 
varied series of rocks whose full thickness 
is 60.000 feet 

At this point there Is a gap i the 
story ; a gap which must be filled in from 
rock-records in other parts of Montana 
They show that the Proterozoic Era 


ended with uplift which built mountains 


The mountains then were worn away, the 
country began to sink, and new seas ad 
vanced from the Aret Though the 
never were very deep at one time. their 
basins sank repeated!) ind SO a wed 
Vast amounts of sand, silt and a to 
settle in the basins Where thi an be 
found, these deposits tell events of the 


Paleozoic Era, which lasted 350,000,000 
years. 

This brings us to the 
and back to the region of 
Park. Sinking 


and rocks that had lan 


were pushed upward nto swamp) a ad 
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BEDS OF RED AND WHITE STONE 
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HARDENED, RAISED SEA BOTTOMS 


HI 


FORM SCENERY IN rH SHINING MOt 


MARINE RO« = WAY ALON 


In those swamps appeared dinosaurs with 
short forelegs and ducklike beaks, as well 
as others whose bodies were sheathed in 
armor. They wandered through glades 
which to-day are bare plains of the Black- 
Then they fled before 
Chalk Age, sea whose 


feet Reservation. 
a Cretaceous, or 
muds now lie beneath the mountains as 
well as in ridges near them. 

soon that sea 


Soon—geologicall 


itself began to retreat. A tremendous 


foree, from the westward. 
bent the rocks that had 


settled in the basin through two long eras. 


pushed 
squeezed and 


Before this force, the strata heaved up 
ward in folds; 
crumpled and broke, moving upward and 
Wher 


mounh- 


pushed still farther, they 


eastward more than thirty miles 
the earthquakes of uplift ceased, 
tains of Proterozoic rock stood upon beds 
of Cretaceous age stretching eastward to 
form the plains. Between them lay the 


Lewis Fault: the break alone which the 


vs. 


mountains mover representhl a nin 


time of tw d about 600 


OUU .OUU vears 


Though Cruinpres and shatteres eal 
the line of uplift, the mountan ne 
rocks suffered s ent chances Ay 
much as when the were formed, they 
link the past wit! vlern scenes ¢ val- 
lev, peak and glacier; recording ndi 
tions with range from shifting winds to 
advances of sea they re eal al ent en 
vironments in often surprising detail 
Since fossils occur in manv beds. their 
structures (coupled with sediments) show 
how very ancient e met envil tal 


demands 


The scenic importance of rocks f 
presses the visitol He sees mountains 
whose colors are more varied than those 
of the Grand (al Ol ta ! I the 
product of special events in which land, 
streams and sea combined. He finds that 
low limestones make waterfalls hile 
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RIPPLE MARKS 
CURRENTS WHI 
SUCH MARKS ARE STEEPER 





RECORDS OF SHIFTING WINDS 


RIPPLES ACROSS OLD ONES. 
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CROSS-BEDDED QUARTZITE 


THIS SANDY STONE CONTAINS PEBBLES WASHED INTO HO | oO 
high ones form steep cliffs. Red argillites almost paper-thin Some strata of vree) 
produce pinnacles and ridges; greenish  argillite (a shale-like stone) show 56 dis 
ones underlie gentle slopes or appear in tinct layers to the inch. If each layer is 
low, rounded peaks. Thus varied Pro- a summer’s or a winter’s mud, that inel 


terozoic muds have controlled mountain took 28 vears to form 


sculpture by frost and streams, as well But is each layer a season’s deposit ' 
as the work of glaciers that spread during That question is answered by finely 
the last Ice Age. banded marble which lies below the are 


lite. Bands in this marble are dark and 


Those who seek ancient environments 
are concerned with smaller features than light. the dark ones being made by carbor 
these. Formations furnish a general which came from simple water plants 


scheme, but the countless strata and lay- Such plants grow abundantly in summe 


ers of which they are built hold those when light is strong; they grow slowly o1 
detailed records of change which tell how not at all in the winter, when sunlight is 
deep the ancient sea was and how salt) scanty The evidence becomes spe 
They trace its shiftings, its currents and convincing when we trace carbon-ric] 
its waves. Some even tell how fast sedi- layers of stone directly into colonies 
ment settled on its bottom. fossil plants, and find that these 

Let us start with the rate of sedimen- not only are dark, but are much thicker 


tation. Some beds of rock are thick and than layers which have very little carbon 
are made of coarse pebbles and sand; With a little practise, this method cai 
they show rapid accumulation near the be extended to beds in which carbon is 
mouths of heavily laden streams. Other scarce. It also can be used to interpret 
beds are fine mudstones or lime in layers lavers so thin that their rate of accumula 
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tion was almost unbelievably slow. In 


one series of mudstones which appear 


high in the mountains, many layers ac- 


cumulated at a rate of 60 to 75 years per 


inch, while some show the almost unbe- 
lievably slow rate of 340 vears for a single 
inch of stone. 

These beds mean quiet as well as shal- 
low water—yet such conditions were not 
the rule. Beds of limestone, shale and 
sand unite in bearing ripple marks that 
were made when breezes swept the shoals 
in which they were deposited. When the 
wind changed it built new marks cutting 
those already formed; sandy beds near 
Swiftcurrent Pass abound in cross ripples 
so perfectly shaped that their crests en- 
close almost exact squares. Breezes were 
uncertain indeed on that special Pro- 
terozoic bay. 

Currents also swept near shore, build- 
ing ripple marks with one side steep, not 





symmetrical like those of waves 
often are found with criss-crossed 
of alternating mudstone and sand 
cross-bedding is one mark of shoals; 
which conflicting currents swept, b 
ing the sediments beneath and dro; 
the fragments at varied angles. It 
appears in river channel deposits 
dunes, but no clear trace of eith: 


been found within Glacier National P 


But what are these dark red 
scattered among beds of white s; 
They seem to have rolled, snowball s 
over a surface of sticky mud. Stor 
them on this path to growth; rea 
shallows, they stranded in sand whe 
Waves or currents became too we: 


earry them farther. The balls set 


among a mixture of sand, pebbles 


chips of partly-hardened mud_ wi 


were torn from the sea bottom whilk 
mud balls were rolling about 


MUD BRECCIA 


THE LARGE PEBBLES ARE MUD WHICH STORMS TORE FROM THE SEA BOTTOM 


SAND FROM THE LAND. 


AND MIXED WITH COARS 
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Those storms did not advance int 

ais trom the open sea Instead, the 

parently began on land at the end of 

h dry, or summer, season. Break of 

drought was heralded by gales which 
rried sand and pebbles seaward from 
semi-desert hills. Then cioudbursts 
ived dry streams, turning them into 
floods that carried vast quantities of sed 
ent to the wide-spread shallows near 
shore. There they took up lavers that 
had partly hardened, rolled sticky mud 
into balls, mixed fragments of all sorts 
together, and then allowed them to settle 
strata whose technical name is mud or 
edae wise breccias. 

These breccias mean that water was 
shallow: much shallower than that of 
most lakes. Over thousands of square 
miles and through millions of years, the 
Proterozoic sea bottom lay so near the 





surface that each dry season laid it bare 


Then sand flats or mud flats steamed in pion Me 
the sun, to be pelted and pitted by rains 
that fell before they had time to harden. and sea in its cross-beds, mud balls, peb 


Hail dug even sharper pits, whose oblique — bles and rain or hail pits 
angles trace directions of wind through It also may show that the muds dried 


which the hail-stones fell. Often asingle and eracked, as pond muds do to-day 


sandy ledge records storms of both land Unlike pond muds, the edges of cra 
: 
; 
. 








SLEET PRINTS AND FILLINGS 
ON THE LEFT ARE PRINTS MADE BY SLEET, DRIVEN BY A SOUTH . Oo 


PIECE OF HARDENED MUD WHICH COVERED 
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CRACKED MUDS 
OF A SEA SO SHALLOW THAT THOUSANDS OF SQUARE MILES LAY BARE, DURING EACH DRY SI 


THE LARGE SLAB SHOWS THE UPPER SIDE OF 


A 


BED; THE SMALL ONE, THE UNDER SIDE. 


HOW THE CRACKED EDGES TURN DOWNWARD. 


Proterozoic muds turned down or refused 
to eur! 
The 


more salt we add, the more the edges curl 


we dissolve salt in fresh water silts. 


downward as water in our test pan evap- 
orates: a clue to shifting salinity in seas 
whose sediments are variably cracked. 
But must the rocks of Glacier Park be 
marine? There are two theories which 
hold they are not. One of these theories 
pictures these strata as deposits in a chain 
of inland lakes, thus accounting for their 
seeming marine animals. 
The other theory compares the rippled, 
those left when 
cover adjoining 


lack of fossil 


mud-eracked beds to 
overflow and 
plains with silt. It would make at least 
three fourths of these rocks the products 
of such seasonal floods. 

The latter explanation is hard to be- 
Though streams contain very little 
muderacks are the rule in 


streams 


lieve. 


salt, saline 


a situation reproduced to-day if 


strata of Glacier Park. Many strata 


contain sandy cubes which are casts 


salt crystals formed when shallow wat: 


evaporated. Yet these very beds are s 
to be silts left by 
streams! 

But why not a 
would have to be very great indeed, 


posed overflow 


great salt lake! 
the basin filled by these sediments w 
have held twenty lakes the size of 
Though shifting, 
millions of years while 60,000 feet of 1 


perior. it sank thro 


were carried down from its shores. O 


~ 


seas are known to last so long; and as s 


we may regard the waters that sv 
Montana in Proterozoic times. 

With this the story of fossils ag 
For animals it is incomplete: two s 
bearing burrows of worms that bore: 
a beach of fine, brown 


marks that seem to be clam trails. 5 


sand, and 


posed crustaceans prove to be br 
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UT BY AN ALMOST VANISHED GLACIER. rHE LIGHT GRAY BAND IS A BANK OF FOSS \ 
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100 FEET THICK. 
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CONE-SHAPED ALGAE 


OF THI SORT THAT BUILT rut BANK ABOVE 


ICEBERG LAKI AND THI I SHO 


FOLLOWING PICTURE, 


fronds of brown seaweeds; eleven shells 
from the Big Belt Mountains undoubt- 
edly are marine. Although these shells 
were found 150 miles from Glacier Park, 
they lay in rocks whose age was identical 
with the ‘‘limestones’’ | really cdolomites 

which form much of the Continental 
Divide in the Park and northward into 
Alberta. These are the rocks whose sup- 
posed lack of sea animals was turned into 
evidence that the ‘‘limestones’’ settled in 
freshwater lakes. 

Though animal remains are few, fossil 
plants of the group called algae are com- 
mon. At the very foot of the mountains 
they appear in gray marbles that weather 
to brilliant buff. When broken, some 
strata show irregular films of black—the 
supposed crustacean shells. Those films 
actually are remains of seaweeds which 
looked somewhat like the modern rock- 
weed, but grew on muddy banks. If 
abundance as fossils means abundance in 


life. those seaweeds were common 
wide-spread. 
A tew feet higher lie massive bes 


closely packed, oblique columns. E 


column is oval in section, CONSIST 


hundreds of convex layers resemb 


saucers piled bottom-side-up. Th 
opinion is not unanimous, it seems 
tain that these columns were built 
colonies of filamentous algae, eacl 


which deposited layers of lime ih 


jellylike mass surrounding its fib 
Thus, even while alive, these plants b 


rocks which were firmer than the 
that settled in less populous bays. 
The thick green and red format 
have not afforded one fossil plant. 
scarcely did lime bottoms return wh 
new sort of alga appeared, spreading 
in biseuits or domes, or crowding 


compact beds which are as black as 


Though now largely dolomite, the a 
filaments provided carbon enough to st 
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ad join- 


rock black and to color the 


o beds. 
Scattered widely through Glacier Park 
d in Alberta 
ssils are most abundant on two of the 
yuthern There they lie 


wart willows and snow, above slopes 


southern well, these 


as 


passes. among 

here strange alpine plants sink roots two 
feet into the soil as anchors for three-inch 
erowns of leaves. Again one contrasts the 
alpine present with a past of seas and 
primitive plants whose life processes built 
layers of stone. 

Still higher are ledges about a hundred 
thick, 
On exposed spots they expand into sheets 


feet formed conical colonies 


by 


apparent proof that two ‘‘species’’ are 
one and that early algae varied in form 
to of life. 


As a matter of fact, several true species 


according varied conditions 
of algae probably combined in each of 
these ancient colonies, just as they do in 
modern growths. One group of species 
made the columnar fossils, another pro- 


duced the black masses, and still a third 


oF a 


GLACIER NATIONAL PARK 





made the cone-shaped colonies wi nh torm 
the massive gray ledges that show plainly 
in the buff eliffs of almost eve) hig 
mountain in the Park 

Some geologists call such mass beds 
reefs, though a reef should be a di ry! 
ridge. For decades no true reefs wer 
known from Proterozoi ocks he 
northern Rockies Now, trails pass s« 
eral small ones, while a Trans-} l! in 
highway has cut two whose perfection fits 
them for text-books. They show the low 
central core, or ridge, composed of conical 
colonies whose weight squeezed and mn 
pressed the soft muds on which they 


erew These sq ieezed, depressed lavers 


prove that reeTtTs can deve op Ol SO 


toms as well as the hard platforms which 


are furnished by stony banks sub 
merged volcanoes 

These reefs also show how ereatlyv the 
plant colonies indulged in ecologic varia 
tion. Where crowded. they rmed m 
pact cones; at the reef edge, where cw 
rents swept, they spread out in wrinkled 
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WHICH GREW MUD SO SOFT THAT THE WEIGHT 


SUN HIGHWAY, 6.4 MILES 
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SUBMARINE LAVA 


PART OF A FLOW WHICH COVERED LIVING ALGAE 


sheets. Where crowding was not intense, 
they assumed spongelike forms, while out 
on the open, uncrowded mud they grew 
in irregular, flattish masses. An asso- 
ciated ‘‘species’’ grew in closely packed 
columns, while another (which grew away 
from the reefs) formed flattened biscuits 
of stone whose widths reached 5 feet. 
Where water was very shallow and waves 
secured a great deal of air, these biscuits 
fused into compound colonies 8.5 feet in 
diameter and 3 to 4.5 feet thick. 
Though these colonies varied according 
to different surroundings, they met no 
such problems as those that faced plants 
which are found in greenish shales near 
the crest of the Continental Divide. 
These algae lived on shallow, wave-swept 
shoals on layers of hardened, deeply 
eracked mud that a few months before 
had been land. Currents and storms 
swept these shoals, overturning small 
colonies and piling layers of mud upon 
others that were too massive to be dlis- 
turbed. At times the sea water disap- 


AND BAKED THEM INTO REDDISH BROWN 


peared, allowing both plants and mud t 


dry out; at others, submarine la 
poured forth, baking the algal colo 
to brittle balls that now are covered 
lumps and ropy twists of lava. Betwe 
eruptions the plants returned, onl) 
meet a similar fate when new cra 
opened and more lava emerged. T! 
could find no peace in a steaming s 
which dried or was flooded between e1 


tions. Even when lava no longer poure: 


out, these algae failed to regain footh 
in the bays. Though they may not 
once have become extinct, they vanish: 
from the records of Glacier Park. 

The import of those records is cle: 
They link the present with the past— 


merely in scenery, but in waves, winds 


rivers, sea floors and even submar 
eruptions. They present early enviro 
ments with detail not achieved for ma) 
later seas, whose deposits are much m« 
familiar. Finally, they show simple « 
ganisms living as simple things live 

day, meeting failure or success as co! 


tions and their own abilities decide. 
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SPANISH METHODS OF CONQUEST AND 
COLONIZATION IN YUCATAN, 1527-1550 


I ROYAL POLICY 
By Dr. ROBERT S. CHAMBERLAIN 

PorRTUGAL and Spain were the leaders meet the extreme complex prob 

the great movement which has been arising from the creation of avast 

med the Expansion of Europe. They colonial empire in lands hea D 
were the first of the states to create lated by unknown peoples, cert 
colonial empires in the modern sense, the whom possessed a ent and retat 
former laying the foundations for over- high cultures. All activity toward 
seas expansion in the mid-fifteenth cen- nization derived fron the Crow) 6 
tury as a result of the activities of Prince the sole source of authority and th 
Henry the Navigator, and the latter prietor of the lands concerned In this 
through the discovery of the New World connection it is to be noted that a 
by Columbus at the close of the century. the Spanish kingdoms it was Aragon, 


The empire of Portugal was, with the through her Mediterranea noldines 


exception of Brazil, wholly maritime and and not Castile, which had gained expe 


commercial, consisting of islands and ence in the administration of overseas pos : 
trading stations along the sea lanes’ sessions. The sovereigns of Castile to the 

around Africa to India, the Spice Islands very year of the discovery of the New 

and China; that of Spain was continental. World had been engaged in the Re 

With her slender resources, Portugal held quisfa, consummated by the conquest of , 
her possessions but thinly and soon lost Granada, and had been concerned wit! 

her importance; Spain, with her greater the consolidation of their realms and th 

population and wealth, from the first di- establishment of their supreme autho 

rected her efforts toward true colonization Castile heretofore had not turned he. , 
and, in an almost incredible display of attention outward, and in solving the . 
spiritual and material force, created one problems of overseas colonization she was 

of the greatest overseas empires which his- forced to build from the ground 

tory has witnessed while simultaneously The efforts of the Spaniards in the fi 

engaged in establishing her hegemony in’ of colonization have all too freq 

Europe. been lightly dismissed, especia hy 


Being first in the field, in establishing Anglo-Saxons, as those of a people who 
their overseas empires and therein creat- possessed no aptitude for such ende: , 
ing something which had hitherto not and who had no objectives other thar 
existed, Portugal and Spain were forced wring from the natives, the mines and the 
to rely entirely on their own native tal-  scil the last ounce of personal profit. The 
ents. They could look to no other peoples early colonists have been represented as 


for guidance, and they could not rest their — little more than bands of utterly cruel a 


policies on the experience of any others. rapacious, 1 Indeed amazingly dar 
The Spanish lands of the New World and courageous, conquerors, who killed 

pertained directly to the Crown of Cas- robbed and oppressed for no other pm 

tile, and it was consequently the sover- pose than to achieve sudden wealth in its 


eigns of Castile who were required to most tangible form, that of gold The 
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policies ot the Crown have been regarded 
as those of thoroughly unenlightened, in- 
tolerant, oppressive, despotic and heavy- 
handed absolute monarchs who, disre- 
garding completely the welfare of colon- 
ists and Indians alike, sought nothing 
more than the full exploitation of the 
overseas possessions in their own benefit 
and in that of the metropolis. 

On the opposite extreme are those of a 
so-called revisionist school, who in com- 
paratively recent vears have presented a 
wholly favorable picture of a beneficent 
vovernment which brought to the Indians 
the blessings of a higher civilization and 
a true religion. Unfavorable aspects of 
government, conquest, colonization and 
the Church have been glossed over, ra- 


tionalized or explained away, and 1 
quent wide divergence between the 
ries, policies and intent of the Croy 
the one hand and the actual practic 
conditions on the other has been lo 
as has the Spanish tendency toward 
ism and formalism, which at tin 
genders strict observance of the 
and form, but violation of the spirit 
intent 

Both contentions have bases in a 
ity, and, as is almost invariably the 
the truth lies at some undetermined 
between the two extremes. It is my 
pose briefly to analyze, compare and 
trast various aspects of the policies « 
Crown on the one hand and on the 
the actual practices as exemplifie 
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A MAP OF THE MAYA AREA, 1527-1550 














the and of lished un 


those who earried Castilian dominion to 


and, second, acts purposes 
been achi 
the Americas. Conquest and colonization 
The Cr 


pansion 


were given their character by the inter- 
workings of these two factors, and the lat- 








CHICHEN ITZA AND SURROUNDING COUNTRY, LOOKING EAST 
The principal structures in the background are, from left to right, t B Court. tl ( 
and the Temple of the Warriors. The group in the foreg nd nsists ( 1 
el Venado, the Casa Colorado, the Casa de Monias. the C« { dD | . 
the lines of the former and latter groups oT struct s is the ol 
ground is the hact« nda, now lhe 1dqu irters of the ¢ rnegi ly ~ \W ~ vy 
chapel. It was among, or close to, these buildings, alread ! Ma 
Castilians, late in 1532 or early in 1533, established the short ( Re \ 
ng to the most recent reconstruction. the history of Chichen I s | s S | ] 
it an uncertain date, Chichen Itz4 was occupied by Yucatecan M SRO This 
period of vre-Mexican architecture. There followed. from 889 is > 
From 987 to 1185 the Itz4s, a Mexican people under the s gend Q c 
ean, as he was known to the Maya, occupied the city \ per | re t 
ensued, in which new forms, based on the worship of Quetzal | is 
ntroduced. Kukulean founded Mayapan as a political capit g 
most cities of Yucatan, Mayapan, Chichen Itz4 and Uxn ki S gy M 
was formed. Chichen Itz4 remained an important g s g 
dominance of Mayapan, remained supreme in \ tan unt 
nternecine strife led to its break up, the destruction NM 
Chichen Itza Yucatan thereupon fell apart into relativ s | 
" period of politica! decadence followed. Ther is, | ‘ g ‘ 
influences in the erafts 
the conquest and initial colonization of — ter often negated the former, at least ter 
Yucatan. porarily. The soyereigns through laws 
In approaching the subject of the and ordinances established the m 
methods of conquest and colonization two — within which, exercisir siderab 
factors must be borne in mind, as has just tiative with respect to methods a spe 
been inferred: first, the policies and in- cific policies, the conquistadores r ed 
tent of the sovereigns of Castile, which are and settled the lands over which t] r 
well set forth in the ** Recopilacion de delegated autho ; In this regva s 
Leyes de las Indias,’’ published in to be pointed out that the full forms of 
1680, one of the greatest of colonial codes, absolute royal government were } stab 


been begun 


til after the vreat cong 1@STS had 
eved and initial colonizat nN naa 
own had as its objectives the ex 
of its realms, the ga l 
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THE CASTILLO, CHICHEN ITZA 


This view shows the structure as it appeared during the visits made to Yucatan by the Amer 


diplomat and explorer, John L. Stephens, in 


1839-1840 and 1841-1842. The drawing 


made by Frederick Catherwood, an English artist and architect who accompanied Stephens 


Castillo was dedicated to the worship of Kukulean, or Quetzaleoatl, the patron ck 


Chichen Itza. 


further subjects, the increase of revenues 
and the Christianization of the Indians 
and the winning of them for the Roman 
Faith The conquistadore s and other 
early colonists were motivated by many 
and varied forces: desire for opportunity 
denied to them in Castile, the wish for 
personal wealth and position quickly and 
readily achieved, desire for glory and love 
of adventure, the desire to serve their 
sovereign and add to the luster of his 
throne, the crusading spirit and, to a cer- 
tain degree, in instances, a sincere desire 
to aid in the winning of souls for the True 
Faith. 

The principal problems before the 
Crown were the establishment of govern- 
ment, economic institutions, the Church 
and social forms, the latter of which, rest- 
ing on religious bases, were centered in 
the relations between the natives and the 


Castilians and the legal status to be e 
to the Indians 
nomic problems with which the soverei 


The political and « 


of Castile were confronted were in 
broader sense common to all colonizi 
states, but the religious element assu 
a vital importance with respect to | 
tilian colonization which it possess 
nowhere else. 

The sincere religious zeal of the Cro 
can searcely be overemphasized, and it 
to be remembered that the ecrusad 
spirit was strong in Spain after the « 
turies of the Reconquista, which, sign 
cantly, is also known as the Perpet 
of Granada this spirit was project 
outward. related to this 
ligious zeal was the equally sincere 
sire of the Crown for the well-being 


Closely 


its Indian vassals. The Christianizat 


Crusade, and that upon the conquest 





est 








their into the 


| of the Church and their welfare was 


the entrance 


natives, 


ee ee 


ariably declared by the sovereigns to 
: ‘‘our principal desire and intent,’’ and 

re is no reason to doubt this declara- 
Oo! 
appreciation of the 


as a sincere statement 


purpose 


: vain an impor 
e of the religious only 
to recall Isabella. 


» policies of Charles V, who, with all his 


motive it is 
essary the aims of 
ist political responsibilities as Emperor 


¢ d King of Castile and Aragon, never 
ost sight of his objectives of reforming 
the Church and of healing the breach be- 
Catholics 


ing the latter once more within the 


tween and Protestants and 


pring 
fold of Rome, and the purposes of Philip 


II. who, 


himself as a chosen instrument o 


however intolerant, regarded 


God to 
restore the unity of Christendom within 





the Church, extirpating what he believed 


to be the false doctrines which were rend- 


ng the seamless robe of Christ 
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: THE RESTORED CASTILLO, CHICHEN ITZA, VIEWED FROM THE NORTH 

he temple, eight meters in height, was built on the great pyramid, s meters 

base and twenty-four meters high. Great structures of this kind M 8 

; places of worship, as government buildings and as dwellings s sts ar 
The restoration of the Castillo was carried out by 
























The conquest and colonization f the 
New World « sequent has two aspects 
the tempora al the spiritua he sub 


Jugation of the nat 


eS ( S 
or by peacel ] means Tie Qe 

of conquered lands and the establis] 

ment or gover enta ma 

forms on the one | ind tl . 

ment of the ¢} reel anad the atiart ts 
win the In s to Christiay 

Church on the other. eve 


ceeded simultaneous 

It should be emphasize 
that 
dominion over the New Wor { be 


jyuridica 


the Crov onsidered its 


peoples Oy Tie AY ericas j 1) 


and 

fiven into the power of the se 

Castile by the Pops Ina 

theory it Was not oniv the 1 tit thie 


monarchs to bring the New 


lunder the 


Castilian 
World 


vation, 


ana I si qaome thre 
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NORTHWESTERN FACADE, TEMPLE OF THE WARRIORS, CHICHEN ITZA 


Showing the intricate stone work and skilled carving of the Maya buildings The stones 
into mortar and rubble, form a veneer. At the corners and on the walls are elaborate masks 


shields, and in the doorway are serpent columns, symbolic of Kukulean, the Feathered Serpe 


themselves as bound to conform with the 
principles of divine and natural law and 
justice, thus to maintain just title. The 
natives of the Indies were already their 
vassals, and were obligated to acknowl- 
edge their dominion, and in establishing 
effective control they were making actual 
a condition which already existed in 
theory. Natives who did not immediately 
accept their dominion were consequently 
‘fin rebellion’? against their rightful 
lords. 

The broader policies of the Crown with 
respect to the conquest and colonization 
of the Indies are indicated in the capi- 
tulacion, or patent, by which Charles V, 
on December 8, 1526, assigned to Fran- 
cisco de Montejo authority to reduce and 
settle the ‘‘Islands of Yucatan and Cozu- 
mel,’’ with the titles and offices of Ade- 
lantado, Governor and Captain General, 
the first hereditary and the latter two for 
life. These offices conferred upon Mon- 
tejo superior political, judicial and mili- 


tary authority within the lands concer 


as a representative of the sovere 


Montejo was to conquer and colonize \ 


catan at his own cost, and was to ree 
in hereditary grant four per cent. of 
revenues originating within the prov 
from whatever source. An _ area 
leagues square within the province 
assigned to the Adelantado to be held 
perpetuity. At least two towns, eac! 
a minimum of one hundred citizens, v 
to be founded, and two fortresses were 


be constructed. To foster colonization t 


settlers were to be assigned lands, 
they were granted temporary reduct 


of and exemptions from certain taxes ; 


duties. Portions of stipulated royal rev 


enues were to be assigned to the constr 


tion of publie works and hospitals and 


the maintenance of clergy and churc! 


until the Church was formally establis 
in the province. License to enslave 
tives who refused to accept Cast 
dominion and Christianity after be 
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PATIO, THE MER(¢ 


Tl Verca is one of the structures whiel 
Thousand 
duly **required ”’ Was @iven No persons 
excluded by law, such as heretics and 
converted Jews CONVETSOS and Moors 


moriscos ), were to be taken to the Indies 


General ordinances promulgated by the 
sovereign on November 17, 1526, to reeu 
late captains and officials in the conduct 
of conquest and colonization and to pro 
tect the Indians and advance their wel 
fare and Christianization 


were written 


into the capitulacion. These ordinances 


provided that the natives should be 


treated as free vassals of the Crown. 
that the legal requerimiento, or ‘‘re 


quirement,’’ that they Castilian 
and Christianity 
duly notified to them through 
preters and that war should be 
only in self-defence and against natives 
who rejected the 


offered resistance, that only such natives 


accept 
dominion should be 
inter- 
made 


**requirement’’ and 


as offered resistance could legally be en- 
slaved, that the natives should not against 
their will be forced to labor for private 
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and war, enslaven 
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THE TEMPLE OF THE WARRIORS, CHICHEN ITZA 
This temple was erected during the period of Mexican influence, and is an excellent examy 
the late architecture of that era. The colonnade in front of the pyramid is projected a cons 
able distance to the right, and this extension and the colonnade at the side of the pyramid 
the northwestern and northeastern sides of the great court known as the Group of the Thi 
Columns. Other structures extend along the other two sides. The excavation and reconstr 


were carried out by the Carnegie Institution of Washington. 


encia of Santo Domingo also was to report In this document the sovereien 


to the Couneil of the Indies all cases of claimed his motives in the folloy 


injustice toward the natives, with recom words : 
mendation of punishment. Captains and - - - !t is Our principal intent and desire 
the said Indians to true knowledge of God 


officials who acted contrary to the more : . 
: Lord and of His Holy Faith through its } 


important provisions of the ordinances 


ing and through the example of prope 
were to be deprived of office and property. dowed clergy ... in rendering them 





THE CASA DE MONJAS, CHICHEN ITZA 


The Casa de Monjas, one of the most massive of the buildings of Chichen Itzé, is an exampl 


construction at various levels. Usually Maya structures were placed upon truncated pyramid 


This structure was erected in the pre-Mexican period, and consequently is Maya architectura 














CONQUEST AND COLONIZATION IN YUCATAN 






















ks and according them good treatment ... , altered his plans, and securing appoint 
: thout offering them violence, oppression, harm, ment as alealde mayor of Tabasco, he 


in any manner, either in person or pro] 
. established that province as a rear bas 


: ey for the cong est of Yucatan, recalling his 
To prepare for what follows, it Is per- forces from the east coast. With these de 
; aps necessary to summarize the course velopments the second phase of the con 
; the conquest of Yucatan. The con- quest began, a phase which lasted from 
quest. which was begun in 1527 and was 1529 to 1534 or 1535. Completine the 
meluded by 1545, can be divided into _ pacification of Tabasco, Montejo passed 
E : three phases. The first is that from the to Camper he, where he founded a town 
% autumn of 1527 to 1529, during which the which was to serve as a center for the re 
>] - 
” 





THE CARACOL, CHICHEN ITZA 


The Caracol. one of the most outstanding example es of ¢ireu nes N \\ | 
was built in stages, and includes both Mavan and Mexican clements 
structure are Mexican, and may have been erected short ift the Mexi 
structure WAS restored by the ( irnegit Institutior f W s} yy 
Adelantado, having organized a rela- duction of the peninsula prope This 
tively large and well-equipped expedi phase ended complete failure as a re 


; tion at Seville, established himself on sult of a combination of factors, the most 
the east coast and sought to reduce and = important of which were the stubborn 
colonize the peninsula from that quarter. resistance of the Maya of the eastern 
Losses through disease and warfare and central and southern provinces and dis 
the realization that a comparatively satisfaction among the soldier-colonists 
) large force would be required caused with the lack of gold, silver and other 
him to proceed to New Spain to secure wealth. Discontent was brought to a cli 
further men and organize a new expedi- max by news of the conquest of Peru and 


tion. While in New Spain, Montejo _ its incredible riches, which, at a time when 
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the colony had at leneth been firmly 
grounded from the military pomt of view, 
caused large numbers of men to desert the 
province in the desire to reach more 
promising fields. With a steadily cle- 
creasing number of soldier-colonists, and 
faced by large numbers of hostile, or po- 
tentially hostile Indians, the Adelantado, 
despite his efforts to make it possible to 





THE BALL COURT, CHICHEN ITZA 
fall courts are found throughout Middle Amer- 
ica, that of Chichen Itzi being perhaps the 
largest and most impressive. In these courts 
pok-ta-pok was played, a game in which the 
players sought to cause a rubber ball to pass 
through stone rings high on the two parallel walls 
of the court, midway between the ends. The 
players struck the ball, which was sometimes as 
much as a foot in diameter, with their hips and 
knees, but were not permitted to employ their 


hands and feet. 


remain, was forced to abandon the region. 
Yueatan could have been permanently 
settled at this time had the men who com- 
posed the forees of the Adelantado been 
of a truly colonizing type. 

Upon abandoning Yucatan the Adelan- 


tado passed to Mexico, placing his : 
son Francisco in the government 
basco. Appointed governor of Hon 
Higueras by the Crown and assumit 
office in 1537, he was until 1544 e1 
in the pacification and administ) 
of that province, of which he is 
true conqueror, and in the gover 
of Chiapas, and he did not retm 
Yucatan until the close of 1546 
final phase of the conquest of Yu 
extending from about 1540 to 1545 
carried tO a successful conelusion 
authority of the Adelantado by ¥ 
CISCO de Montejo the Younger, Kray 
de Montejo, the nephew of the 
and Gaspar and Melchor Pacheco 
resistance of those of the Maya 
refused to accept Castilian don 
Was overcome after several vears 
hard fighting, and San Francise 
Campeche, Mérida, the capital 
Valladolid and Salamanca de Ba 
were founded in rapid succession. <A f 
desperate effort of the Mava of the « 
ern, central and southern provinces 
drive the invaders from their lands 


in 1546 was crushed, and henceforth 1 


Castilians, now in considerable num! 
and of a truly colonizing type, wer 
cure in possession of the peninsula. 
The Adelantado, who came of a 
ily of the lesser Castilian nobility 
who had served in Darien and Cuba 
been a captain under Juan de Grija 
and under Cortés in the earliest stages 
the conquest of Mexico, and had rep 
sented the latter and New Spain at 
court, was a man of wide vision, comp 
hension and moderation, a loyal ser 
of the Crown and an able administrat 
He sought throughout to achieve 
aims and policies of the Crown ¥ 
regard to conquest and ecolonizati 
with which he was in full accord. Fr 
the first, complying with roval or 
nances and laws and the provisions 
his patent, he directed his efforts towa 
permanent colonization and the polit! 
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: economic development of the re that land in name « llis M Lyesty 
; ns over which he was given authority, instruct them in th atters of r H 
{ | he sought to protect the natives Faith and that those who do not wisl 


further their well-being and Chris 
nization. At the same time, he was 





hitious and desired power, position 
d wealth, as did all the great cap 

ns who brought the Indies under 

» dominion of the sovereigns of Castile 
Montejo the Younger and Montejo the 
Nephew were of the same basic character 
is the Adelantado, shared his aims and 
bjectives and, as principal lieutenants, 
applied his policies. They were, more 
over, capable soldiers and, like the 
{delantado, able in administration. The 


haracters of the Adelantado, his son 


and his nephew, it scarcely need be 
pointed out, exercised an important 
influence on the course of conquest and 
colonization 

The policies placed in effect by Montejo 
throughout his career are perhaps most 
readily delineated through summarizing 
the instructions for the conquest of Yu- 
eatan given by him to his son in 1540 on 
the eve of the final pacification and settle- 
ment of the peninsula. In these instruc 
tions the Adelantado provided as follows: 

(1) That Montejo the Younger assure 


that the colonists live as true Christians 
9) 


That upon arriving at the town of 
San Pedro, the advance base which had 
been established at Champoton, he should 
determine whether harm had been offered 





to the natives of the latter place, and that . 

he should restore all property which CALAKMUL, STELA 

might have been taken from them and wt. cgrrvegpensttor-apoen 

free all who might have been illegally aos Tecggeele ( 
; enslaved. Ga these weal 6 . 
(3) That, because of the aid and sup- quently, life-siz« d higt 
} port which they had given the Spaniards, sy te taf m 
) the natives of Champotén should be  O1FO + A} \ ‘thd 
. exempt from all labor. 731 (A.D.), according to the Good 
: (4) That he should pass to Campeche, correlation of Maya « nology with f ( 
. taking with him principal persons, or “*" ~— ' Re? , ny ¢ 
principales, of Champotén, where he yr ae oie ay Ag , 
; should call together the lords of the area tion, having ¢ dig he = 


and inform them ‘‘how you go to people 








re 
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PRESENT-DAY MAYA HOUSE AT VALLADOLID 


Roofs are invariably formed of a framework of poles covered with thatch. The 


come to knowledge of God and obedience 
of His Majesty and those who do are to be 
well favored and protected and held in 
justice.’’ 

(5) That, accompanied by principales 
of Campeche and two of Champoton, he 
should enter the province of Acanul, 
taking great care that his forces offer no 
harm or ill-treatment to the Indians of 
that provinee, since they had always been 
at peace with the Spaniards and had 
desired that they settle among them. 

(6) That in the province of Acanul he 
summon a certain lord, Chan Kan, a 
friend of the Christians who had aided 
them in time of war, who was to be well 
received, thanked for the good will which 
he had displayed, and kept with the 
Spanish forces as an ally. 

(7) That he convoke the lords of the 
province of Acanul and inform them that 
they might have peace or war as they 
themselves determined and that if they 


floors are of 


came in peace they would be well t: 
and favored. If the native lords di 
answer the summons, the formal re« 
miento was to be published, as pro 
bv the Crown, and should this be rej 
war was to be made on them. In eas 
became necessary, it was to be cond 
with as little harm as possible to 
Spaniards and natives and in entire 
formance with royal ordinances. 

(8) That a city, which was to b 


principal one of Yucatan, be founde: 
the town of T-ho if it appeared that 1 


district was favorable for settlen 
Efforts were to be made to win to ~ 
the natives of the area in which the 


was to be founded, but war was to be ma: 


on those who did not accept Cast 
dominion. 

(9) That upon the pacification of 
provinces which were to constitute 
district of the city, these were to be 
vided in repartimiento, according to p 
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and that this repartimiento was to be and that roads be opened to ¢ 


de among not less than one hundred — the north coast and to prii pal towns 
zens, for, since the area was large and 12) That the | ins be y ! 
ivily peopled, a large number of wv brought to knowledge of the F 
nos was necessary for the subjection of under the don of the Crow) 

e Indians and the maintenance of arawn from their errors 

ntrol. tices 

10) That the repartimiento be based A these t} = were to hy 


) a general visitation of the conquered ing God Our Lord bet 


provinces and that after the number of of His Majest for the 
towns and population had been ascer land. and in the ful 
tained encomte ndas were to be assigned TK The vreat conquests the | 
the conquistadores in the name of the made at no din 1 Ost 1 l { 
Crown in accord with the quality and They were acl ( ) 
services of those concerned quistadores upon the v 
11) That, after the founding of the at their own ex . 
city, Montejo the Younger strive to have authorization fr the sover 
all the colonists develop agriculture and in patents or, as the cases of ¢ 
industry, he himself giving the example, Mexico and A iS a 





PRESENT-DAY MAYA HOUSE AT CHAN KOM 


The walls of the houses may be of frames formed of poles tied together with vines 
materials, sometimes covered with thatch or plastered with mud to render then s 
stantial, the mud usually being whitewashed with lime. Or they n be a coml ! 
walls of stone and poles which extend to the roof. In pre-Columbian times the cor 

lived in the same types of houses as those illustrated, as is ind 1] Maya codices 


decorations and elements of construction found in certa 
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the former, in Guatemala, in the name 
of the Crown, and with post facto recog- 
nition. Those delegated authority to 
eonquer and colonize designated areas 
financed and organized the expeditions 
for such purposes and in compensation 
were assigned revenues, privileges, lands 
and oftices in the regions concerned. In 
their efforts the great conquistadores in- 
curred heavy expenses. The expedition 
of 1527 organized by Montejo cost some 
28 000 castellanos. secured by sale of in 
herited property, loans and funds sup- 
plied by his wife, and the Tabasco expedi- 
tion of 1529 led to the expenditure of 
12,000 castellanos more. Montejo’s later 
efforts in Honduras-Higueras and Yuea- 
tan caused further and continued ex- 
penses, which were met only in part 
through revenues from the encomiendas, 
mines and land holdings which he ac- 
quired in Mexico, Tabasco, Honduras- 
Higueras, Chiapas and Yucatan. The 
Adelantado also came to an agreement 
with Juan de Lerma, a relatively wealthy 
merchant of Mexico, who, from about 
1529 to about 1540, gave him material 
financial assistance. At the time of his 
death he was still some 30,000 castel- 
lanos in debt, despite his estates and 
holdings. He never received the four per 
cent. of the revenues of Yucatan as pro 
vided in his patent, and, indeed, it was not 
until he was close to the end of his career 
that the province was in a stabilized 
condition in which fixed revenues were 
forthcoming. Even then the encomi- 
endas he held were removed from him 
under the New Laws of 1542-1543. The 
salaries and monetary grants received 
from the Crown in connection with 
offices held were always inadequate. 
Montejo the Younger and Montejo the 
Nephew in like manner financed the 
major efforts of conquest and coloniza- 
tion which they conducted as lieutenants 
of the Adelantado and likewise ineurred 


indebtedness. 
Those who took service under the 
greater conquistadores also bore their own 


expenses with respect to arms 
equipment and sustenance. Ce) 
the more important, as subordinat 
tains, raised companies and group 
they themselves equipped. The e 
of the southern provinces of Y 
Uaymil and Chetemal, by the P 
under authority of the Adelantad 
important example of such practi 
dividual conquistadores also fre 
brought with them squires and s 
Arms, supplies, horses and equi) 
it should be pointed out, wer 
mally extremely costly in the |] 
The soldier-colonists consequently, 
as the great captains, incurred 
expenses and indebtedness 

Both the greater and the less 
quistadore s looked to the cong tere 
and their peoples to afford compel 
for the expenses which they ineurr 
the hardships and dangers whiel 
underwent and to give recompens 


the trials and uneertainties of 
nization, and the Crown in grant 
tacitly authorizing such reward ac} 
its purposes at no direct cost to the 
coffers. 

The great conquistadores desir 
achieve for themselves a position of 
mum authority and influence and 
tain vested interests which shou 
based on the powers and _ pri 


granted by the Crown and on thei 


achievements. The sovereigns, des 


having in patents granted ext 
authority and privileges to these 
viduals for the achievement of con 
and initial colonization, were detern 
to establish royal absolutism in its f 


sense in the New World. Consequent 


to guard against the appearance of pe 
ful vassals who might prove difficu 
control and react detrimentally to 

authority, after conquest and initial 
nization had been earried out, 

limited, restricted and revoked the po 
and privileges which had been given 


created a system of government wi! 
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MAYA MEN AND WOMEN 


Physically the Maya are short, thick-set and muscular, with relatively long ms and sl 
They are prenouncedly brachveephalic. The skin varies in color from light to dark br 
upper jaw tends to be prognathous and the chin retreating Eve-slits are horizont 
what slanted, and the typical nose is prominent, high-bridged and quite rved 
eves are black and the hair is black, straight and coars« As ce the M 
by pride, dignity and reserve. They are an extraordinarily cleanly peopl ly 

are wearing the white cotton huipil, which has been their dress from pre-Sy 


based on Castilian forms, depended 
directly and absolutely upon themselves 
Columbus and Cortés had been shorn of 
real authority in accord with this poliey, 
being permitted to retain only empty 
honors, and the Adelantado Montejo 
was dealt with in similar fashion 
Montejo early conceived the project of 
uniting under his authority as Adelan- 
tado the entire area from the western 
limits of Tabasco and Chiapas to and 
including Honduras-Higueras, with a cor- 
ridor extending to the South Sea at the 
Bahia de Fonseca. This area was to con- 
stitute the Adelantamiento of Yucatan, 
the limits of which had been entirely 
undetermined in the capitulacion of 1526. 
The career of Montejo in many respects 





centers about his attempts to acl 





greataim. Although it appeared possible 


of attainment at the outset 
objective which ran directly 
roval policy with respect to 
and he inevitably failed 


In 1529, when on the point 


from New Spain to Tabasco, the Ar 
fado first declared his broad ter 
claims to the Crown. and in 153 

permanent colonization ol Yueata 
peared assured, he petitioned the 
erelign that the area from the w 


1, 


limits of Tabasco and Chiapas to 


= 
j 
} 
rial 
} 
l 
ap 
sc) 
<—Tern 
e Rio 


de llua be declared to eonstitute the 


Adelantamiento, maintaining tl 


a geographic, ethnic and linguist 


The sovereign did not grant the 





Piatitirrnirwec ree 
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THE CASA DE MONTEJO, MERIDA 
The construction was begun by the Adelantado 
shortly after the completion of the conquest. 


of 1533 as such, but nevertheless in that 
vear named Montejo royal governor of 
the region from the western limits of 
Tabasco to the Rio de Ulda, and later 
appointed him governor and captain gen 








af 


re 
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WOMAN GRINDING MAIZE 
The great staple of all the aborigines of the 
New World. This method of grinding maize, 
employing the stone metate and stone roller, 
has been used by the natives for many centuries. 


eral of Honduras-Higueras and 

that province and Yucatan into 

ministrative unit under his aut! 
It is to be noted, however, that th. 
tion of Montejo as Adelantado a, 
only with respect to Yucatan p 
although pending final determinat 
was doubtless encouraged to believ: 
the lands beyond Yueatan, whic! 
already come to connote only the 
sula, would later be declared b 
Crown to be territory of the Ad: 
miento. Moreover. it is to be bor 
mind that when he assumed the gov: 
ship of Honduras-Higueras in 

Montejo had temporarily abandone: 
catan and it was not until that vea 
Montejo the Younger took the first 
Pedro de 


rado, Governor and Captain Gener 


toward the reconquest. 


Guatemala, who possessed claims « 
governorship of Honduras-Higueras 
who at the moment enjoyed great 
favor, in 1539 forced Montejo to 
quish to him the governorship of H 
duras-Higueras in return for that 
Chiapas. This transfer was approve 
the Crown. Upon the death of Alva 
the cabildos of Honduras-Higueras 
1542 recalled Montejo as governor, 
after a confused jurisdictional cont 
versy involving the Audiencias of Sa 
Domingo and Mexico, which had na 
governors to administer the province 
authority was confirmed in 1543 as ; 
sult of support given him by the f 
Meanwhile, Montejo the You 
who since the abandonment of the p: 


box ly. 


sula had governed Tabasco as the 
tenant of his father, and Montejo 
Nephew had carried forward, under 
authority of the Adelantado, the final : 
quest and colonization of Yucatan. | 


position of Montejo from 1542 to 144 


was consequently extremely involved. I! 
was, under separate appointments, 
one and the same time, Adelant 
Governor and Captain General of \ 
eatan, Governor of the area between | 
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stern limits of Tabasco and the Rio 
(ida, and Governor and Captain 
eral of Honduras-Higueras and of 


Chiapas, and thus, as the result of a most 
rieate chain of circumstances, governed 
tually the entire area which he had 

striven ‘to erect into the Adelantamiento 

f Yueatan. He remained, notwithstand 

or. Adelantado of Yucatan, that is, of 
he territory of the peninsula, alone, and 
the 


the Crown had not extended terri- 


ries of the Adelantamiento. 





CHURCH OF SAN FRANCISCO AT 


important In 


Illustrating ecclesiastical architecture in an 
front of this church that Bishop Diegods 


In the interim the establishment of 
royal absolute government, in accord with 
Crown policy, had progressed throughout 
the Indies. The Audiencia of 
fines, later known as that of Guatemala, 
created by the 
of the New Laws to govern Guatemala, 
Honduras-Higueras, Chiapas, San Sal- 


los (‘on 


was one’ of provisions 


vador and the other provinces of Central 
America, and Yucatan, hitherto within 
the dastrict of the Audiencia of Mexico, 
was placed under its superior author- 
ity in judicial matters. 


By cédulas of 
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Landa hs 


hieroglyphic manuscripts are said 


1543, the Crown removed 
over Hor 
and in Ma 


September 13, 


Montejo Irom a authority 


duras-Higueras and C} 


apas 
of 1544, upon the actual establishment 
of the Audiencia, of which his s 

law, Alonso Maldonado, had bee) 

pointed president, he relinquished office 
Authority over the area between th 
western limits of Tabasco and the Rio de 


Ulaa was then taken from him, althoug! 
he Was permitted to vover 


time longer 





MANI 


n owl It vis 


ld his Tamous 


to have bes 


ol Bartolom ie las ( ana, the 1) | Cal 
Order had secured author :, +} 
Crown to reduce by pea s tl 
region of Tezulutian, which was hi 
territory which had been placed under the 
rovernment of Montejo All Spaniards 
other than friars were excluded 

the region, which came to be ki v1 
Vera Paz The district concerned, const 


quently, had been removed from the wi 
ciction oft the 
Montejo sought tO 


Adelantado 
conquer and settle the 


general area of the Guifo Dulce and des 


ne 
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patched a large expedition which founded 
the town of Nueva Sevilla. The Domini- 
cans immediately protested that the lands 
assigned to them were being invaded and 
their work destroyed, and they were sup- 
ported by the Audiencia of los Confines, 
which, now under the presidency of 
Alonso Lopez de Cerrato, an enemy of 
the Adelantado, also added protests of 
its own. The Crown ordered the evacua- 
tion of the area by Montejo, who had no 
alternative than to comply. 

Upon the replacement of Maldonado in 
the presidency of the Audiencia of los 
Confines by Cerrato, the Adelantado 
was, under authorization of the Crown, 
removed from the governorship of Ta- 
basco, despite his objections and initial 
refusal to recognize the authority of 
the Audiencia to take such action. At 
length, in 1549, as the result of charges 
concerning misgovernment, defiance of 
royal authority and other matters pre- 
sented from many sources, among which 
was the Audiencia of los Confines, the 
Crown caused Montejo to be removed 
from office in Yueatan. His son and 


his nephew were at the sane 
stripped of authority. Monte} 
tested each successive removal 
authority step by step, basing his 
on his capitulacion and royal a} 
ments, but to no avail. In a final at 
to regain his lost position he proce: 
Castile in 1551 to plead his cause d 
before the Crown There he died i) 
at the age of about eighty. After 1 
moval of Montejo from office, Y 
passed directly under the administ 
of the normal agencies of royal ¢ 
ment. 

The Montejos, it should be noted 
in authority maintained firm cont 
the government of Yucatan in 
aspects, even to the extent of cont: 
the municipal councils, or cabildos 
they closely determined all the acti 
of the province. This close « 
aroused opposition on the part 
certain group of the colonists, wl 
sired that the cabildos exercise a 


siderable measure of independen 
local affairs in accord with Cast 


tradition. 
(To be concluded 
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HUMAN PSYCHOLOGY AND SOME THINGS 


THAT FISHES DO 


By Professor F. B. SUMNER 


SCRIPPS 


Let me, in my opening sentence, dis- 
claim any pretence to be more than a 
dilettant in the field of psychology. 
However, I do at least claim to be a 
dilettant in this field, and as such I feel 
warranted in drawing some psychological 
analogies in discussing certain problems 
of fish physiology. Analogies may, of 
course, be illuminating or confusing, de- 
pending upon the phenomena under com- 
parison. So far as the analogies may 
serve to emphasize points of resemblance 
which are really fundamental, they may 
be valuable clues to further discovery. 

Despite the scorn for ‘‘introspection”’ 
on the part of some of those who call 
themselves ‘‘behaviorists,’’ it would be 
difficult to investigate the phenomena of 
sense-perception in man without refer- 
ence to what the subject says that he 
perceives. He tells us, for example, what 
color an object seems to him to have; 
whether this object appears to be larger 
than that, this light brighter than that 
or this sound louder than that. The sub- 
ject’s reports to us doubtless constitute a 
part of his ‘‘behavior’’ in the presence 
of these stimuli, but his reports would 
not be very illuminating to us if they 
were not expressed in terms of inner ex- 
perience of a kind which duplicates inner 
experience of our own. 

Unfortunately, we are unable to put 
questions, or at least verbal ones, to our 
fishes, with any reasonable expectation of 
receiving replies. But the animals are 
none the less able to inform us, to a cer- 
tain extent, regarding their sense impres- 
sions. Needless to say, a fish’s replies to 
our questions are given in physiological 
or behavioristic terms, with no mention 
of the creature’s inner life. 


It is common 





INSTITUTION 


OF OCEANOGRAPHY 


sense, rather than scientific experiment, 
which leads us to believe that the fish is 
not a mere unconscious mechanism 

Some cases have interested me of late 
in which the quantitative relations be- 
tween sensory stimuli and the physiologi- 
cal responses of fishes seem to be closely 
similar to those known to hold between 
these same stimuli and our own percep 
tions of them. And the correspondence 
in these cases is sufficiently striking to 
suggest that it depends upon essential 
similarities in the reactions of living mat 
ter in general. 

Analogies of this sort may be of equal 


olog ST 


interest to the experimental psycl 
and physiologist. The psychologist is 
vitally interested in the 


concomitants of mental processes, and the 


physiological 


physiologist doubtless profits at times by 
considering how physiological processes 
look from the However, let us 
leave these easy banalities and consider 


inside. 


some concrete cases. 

The first of these cases is one which I 
have already discussed more than once 
in the past.’ In fact, my interest 
particular problem dates from the year 
1910. 


present discussion requires that I shall 


In this 
I regret that the coherency of my 


commence with some facts which are al 
ready familiar to most of you. Several 
groups of animals, and notably the fishes 
display the adapt their 
shades, colors and even their skin pat- 
terns to the surfaces on which they hap 


capacity to 


pen to be resting. So important have 
these phenomena of color change become 
in the field of experimental biology that 
1 Jour. Exp. Zool., 10: 409-505, 1911; Phys 
Zool., 2: 495-504 (with A. B. Keys), 1929; B 


Bull., 65: 266-282, 1933. 
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their special bibliography must by this 
time exceed a thousand titles. Our re- 
cent symposium on this subject illustrates 
my point.’ 

We now have ample reason for believ- 
ing that these color changes serve, among 
other things perhaps, the needs of con- 
cealment. In order that they may attain 
this end, it is obvious that the shade 
assumed by the animal must be constant, 
or nearly so, upon any given background, 
regardless of the intensity of the general 
illumination. This because both the ani- 
mal and its background are equally 
affected by any change in the source of 
light. That such is the case, at least 
among the fishes, has been shown by 
abundant evidence. Under ordinary con- 
ditions, it is the shade of the background 
which influences the shade assumed by 
the fish. Within broad limits, the inten- 
sity of the incident light is found to play 
a very minor part in the matter. Thus 
the state of the fish’s chromatophores is 
not determined by the absolute amount 
of light which reaches the animal’s eyes, 
either directly from the source of illumi- 
nation or by reflection from the back- 
ground and surrounding objects. 

Evidence from several sources makes 
it plain that the chief determining factor 
involved here is the ratio between the 
reflected and the incident light. This 
proposition is less simple, perhaps, than 
at first appears; for we can not credit the 
fish with any capacity to distinguish re- 
flected from incident light, and to apply 
the proper correction for the intensity 
of the latter. On the other hand, the fish 
may be assumed to recognize differences 
of position within the visual field, and 
particularly the difference between up 
and down. The animal’s response to the 
ratio reflected: direct illumination may 
therefore be supposed to resolve itself 
into a response to the ratio lower: upper 
half of the field of vision. Bearing in 
mind the inversion of the light rays 


2Am. Soc. Zool., Richmond, December 29, 
1938. 


within the eye, we have to do wit! 
ratio of illumination between the wy 
and lower halves of the retina. 1 
such a polarization of the retina, or 
sibly of corresponding areas with 
brain, may actually exist is render 
probable by some experimental evid 

Several investigators, including 
writer, have more or less success! 
attempted to sereen off one half . 
field of vision by means of applia 
covering the eye. Certain others | 
reported success in rotating the eye! 
on its main axis through an ang 
180°. The upshot of these experim 
seems to be that illumination of the up) 
and lower halves of the retina tends 
call forth opposite responses on the p 
of the chromatophore system of the fis 
Increasing the illumination of the upp 
half, relative to the lower, results in t 
paling of the fish; increasing the illum 
nation of the lower half, relative to 1 
upper, results in the animal’s darkening 
Evidence has recently been published 
pointing to the existence of an actua 
morphological differentiation of these 
regions of the retina which may possibly 
be related to the physiological differen- 
tiation. 

However, it seems doubtful, even fo 
the fish, whether this problem of the cor 
rect perception of shades is fully 
plained by the simple assumption of 
functional dorso-ventrality of the reti 
That such an assumption would be alt 
gether unwarranted in the case of ma! 
is quite certain. For it must be remen 
bered that we encounter this same prob 
lem in relation to our own visual perce] 
tions, albeit we humans, or at least thos 
of the male sex, are unable to respo! 
with appropriate changes in our pig 
mentation. 

As Professor Woodworth has recently 
expressed the case: 


8Sumner, Biol. Bull., 65: 266-282, 19 
Vilter, C. R. de l’ Association des Anatomistes 
Marseille, March, 1937, pp. 1-14; Butcher, Jour 
Exp. Zool., 79: 275-297, 1938. 
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PSYCHOLOGY AND SOME 


It is a fact of common observation that coal 
looks black even in sunlight and that chalk looks 
Yet the light 


white even in shadow. reaching 
from well-lighted coal is very much 
stronger than that from shaded chalk. The 
retinal image of the coal is much brighter than 
that of the chalk, under the conditions, and the 
stimulus received from the coal is much more 
One’s impression conforms to the ob 


the eye 


intense. 

et rather than to the stimulus, and he is apt 
to see no problem here, for if coal is really black 
why should it not be seen as black in a good 
light? Not a bad answer, perhaps, but one in 
volving some tacit assumptions that the psy 
chologist would like to make explicit.‘ 


Thus we have the much-discussed, if 
poorly named, problem of ‘ 
stancy’’ or, as it has been more techni- 
cally termed, ‘‘phenomenal regression 
toward the real object.’’ 

To continue from Woodworth : 


‘eolor con- 


A certain mixture of white lead and lamp 
black reflects 25 per cent. of the light; its albedo 
measure is 25 per cent. It reflects more light, 
absolutely, when it receives more; but it always 
reflects 25 per cent. of what it received. If it 
is moved from a weaker to a stronger illumina- 
tion, or the reverse, the observer still sees it as 
the same gray (approximately), thus in effect 
perceiving its reflecting power or albedo. We 
have been perceiving albedo all our lives with- 
out knowing it. 


It is true that this correction for illu- 
mination is not always perfect. Under 
experimental conditions, the estimate of 
albedo is frequently more or less of a 
compromise between stimulus and objec- 
tive perception. 

That our correction for illumination 
is an act of conscious judgment is as little 
true for man as for the fish. The entire 
process takes place on the perceptual 
plane. We are influenced by various 
clues to general illumination, the nature 
of which has been studied in considerable 
detail by a number of investigators. It 
is impossible to discuss these clues here, 
except to say that they are provided by 
a variety of relations which may obtain 
among the contents of the visual field. 


***Experimental Psychology,’’ Henry Holt 
and Company, New York, 1938. 
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ometrical distinctions be- 


No simple g 
tween upper and lower can be invoke 


If, by any device, the observer is de- 


ceived respecting the brightness of thé 
light by which a given object is imi 
nated, his estimate of its albedo may b 
enormously in error. Black may Ik 
white, and white may look black. These 


illusions may be promptly dispelled by 


the introduction of suitable clues into 


visual field, but they return immediately 
upon the withdrawal of the clues, despite 


the subject’s full awareness of the decep 
tion. 

Experiments in our laboratory and 
elsewhere have shown that fishes may be 
similarly deceived. In certain of these 
experiments,’ the fish 
group) rested upon a strip of clear glass, 


(one of the flounder 


raised above an underlying gray surface, 
the latter being illuminated by a source 
of light invisible to the fish, and thus 
made to appear lighter than would have 
been possible if illuminated only by the 
source of light overhead. In these cases, 
the fish acted as if the substratum had 
been white, and maximum 
degree of pallor. When conditions were 
reversed, the fish darkened more 
background would have warranted, had 
the latter been normally illuminated. 
There is another aspect of these color- 
change phenomena which finds a highly 
instructive parallel in the field of experi- 


assumed its 


than its 


mental psychology. Several years ago, we 
endeavored to determine what quantita- 
tive relations might 
visual stimuli to 
been subjected and the 
upon 
known that prolonged subjection of fishes 
and amphibia to appropriate back- 
grounds may bring about very consider 
able changes in the actual : 
pigment possessed by these animals, in 
addition to the rapid rearrangement of 
pigment already present, such as results 


between the 
had 


resulting effects 


exist 


which fishes 


our 


pigmentation. It is now well 


amount ol 


5 Sumner and Keys, Physiol. Zool., 2: 495-504, 
1929. Confirmed in some essentials by Pearson, 
Ecology, 11: 703-712, 1930. 
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from briefer exposure to the same 
stimuli. 

In the experiments under considera- 
tion, we have employed two methods of 
evaluating the effects of the stimuli in 
question upon pigment formation. The 
first of these was an attempt, thus far 
only partially successful, to assay the 
amount of the black pigment, melanin, 
present in a given lot of experimental 
fishes. The second and more dependable 
method has consisted in counting the 
number of melanophores or melanin-con- 
taining cells present in a given area of 
the skin. In the course of these experi- 
ments, fishes of three different species 
have been subjected, on the one hand, to 
backgrounds of widely different albedo, 
the source of illumination being constant ; 
on the other hand, to widely different 
sources of illumination with a constant 
albedo. 

In the first type of experiment, the 
fishes were kept in glass aquaria, which 
had been painted black, white and two 
(later. three) shades of gray, the specific 
reflectivity or albedo of each of these 
backgrounds being determined with ap- 
proximate accuracy. In experiments of 
both types, the intensity of illumination 
from overhead was measured. 

To state briefly the results of these ex- 
periments, we may say that the albedo of 
the background was found to be the fac- 
tor of chief importance in determining 
the production or loss of melanin. (I 
speak of loss because the decrease of pig- 
ment upon a pale background is quite as 
conspicuous a fact as is its increase upon 
a dark background.) 

The intensity of the incident light ap- 
pears to be influential to a minor degree, 
at least in some cases. The extent of this 
latter influence will be the subject-matter 
of further experiments to be commenced 
in the near future. From the human 
analogy, we might expect to find such an 
influence, since the estimation of albedo 


6Sumner and Doudoroff, Proc. Nat. Acad. 
Sci., 23: 211-219, 1937; 24: 459-463, 1938. 


is not entirely unaffected by the intensit, 
of the illumination. 

When the yield of melanin was plott 
against the albedo of the background. 
was at once evident that there was a eo) 
sistent negative correlation between t 
two, the greatest yield being derived from 
the black-adapted fishes, the least from 
the white-adapted ones. It was equa 
evident that this was not a simple li: 
correlation, such that equal increments 
albedo called forth equal decrements 
pigment formation. The resulting curves 
looked suspiciously logarithmic, and this 
suspicion was borne out, for one series 
least, when the data were plotted 
logarithmic paper. 

My most recent data, based upon t! 
counting of melanophores, seem to ¢ 
firm these earlier results very nicely 
think that we are justified, therefore, 
concluding provisionally that mela: 
production (or loss) varies inversely as 
the logarithm of the albedo of the bac! 
ground. This conclusion is subject, 
course, to the customary reservations: f 
the species under consideration, a1 
within the limits of the stimuli h 
employed. 

Now I am not one of those who belie 
that one’s scientific respectability 4d 
mands that he shall express all his results 
in terms of logarithms. In most cases 
curves based upon natural numbers mean 
much more to me. But we all meet wit 
occasions when the logarithmic arrange- 
ment of one’s data is highly illuminating 
and I believe that the present case is on: 
of them. 

Let us return to the field of experi- 
mental psychology. As a result of ex- 
tended studies, E. H. Weber announce 
about a hundred years ago, a generaliza- 
tion which has become famous in t! 
realm of sense-physiology. The generali- 
zation was a simple one, and may be 
stated as follows: If, to a given stimulus 
S, we must add the value d, in order that 
the difference shall be just perceived by 
the subject, we must add not d but 10 d, 
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if we start with a stimulus ten times as 
In other words, the increments of 
stimulus must be proportional to the orig- 
inal stimulus, rather than equal to one 
another, in order to bring about equal 


great. 


inerements of sensation. In still other 
words. the increments of stimulus must 
be inereased in geometrical progression, 
in order that the increments of sensation 
shall increase in arithmetical progression. 
Fechner expressed the matter in a simple 
equation: Sensation=C log Stimulus. 

The Weber-Fechner law has, of course, 
been attacked on various grounds, logical 
and factual. On the former side, it is 
easy to see that just perceptible inere- 
ments of sensation are not necessarily 
equal increments; on the latter, it is now 
well known that the ‘‘law’’ holds only 
for stimuli of medium intensity, but 
breaks down at both extremes. However, 
for present purposes we are not inter- 
ested in such questions as the absolute 
magnitudes of sensations, while the gen- 
eralization does hold fairly well through- 
out a wide range of intensities. 

Thus far, then, we seem to have en- 
countered two interesting points of agree- 
ment between our own sensory physiology 
and that of the fish. In the first place, 
we are both able to recognize the albedo 
of surrounding objects, regardless of 
their absolute iilumination ;’ in the sec- 
ond place, the relation between sensation 
and stimulus seems to be, for both of us, 
a logarithmic one. I am quite aware that 
examples of the Weber-Fechner rule have 
been previously reported from the field 
of sub-human physiology, though none, 
so far as I know, in the realm of pigment 
formation. Endeavors have been made 
to interpret these relations on the basis 
of assumed physiological processes, but I 
believe that no proposed hypothesis has 
met with general acceptance. 

Let us put some further questions to 

7See also Burkamp (Zeits. der Psychol. und 
Physiol. der Sinnesorgane, 55 Bd., 1923, 8. 133- 
170), whose experiments furnish evidence of a 


quite different sort for the perception of albedo 
by fishes. 
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our fish, this time questions which have 
nothing to do with its sense of vision. If 
we raise the temperature of the fish’s 
bath by ten degrees C., its consumption 
of oxygen will increase about three-fold; 
if we lower the temperature, -a corre- 
sponding decrease will These 
facts, it is true, do not parallel what takes 
place when we subject ourselves to such 
temperature changes. 
In general, warming our environment 


oecur.” 


Quite the reverse. 


while eoo] ne 


lowers our metabolic rate, 
raises it. This, of eourse, is not due to 


effects of 


any radical difference in the 


temperature upon the protoplasm of co 
blooded and warm-blooded animals. It 


a 
~+ 


merely results from the possessio 
latter of a 
which 
environment. 

The parallel which I wish to draw is 
When the fish is placed 


metabo- 


heat-regulating mechanism 
compensates for changes in the 


of another sort. 
in warm water, its respiratory 
lism rises rather promptly to a maximum, 
and then gradually falls; though it never 
falls to a level as low as existed be fore 
the transfer. I must hasten to add that 
the term applies here only to 
laboratory experiments, lasting a few 
The metabolic rate of 
fishes living in naturally warm waters 


**never’’ 
months at most. 


in warm springs. for example—is a sub 
eould be investigated very 


But whether it is complete or 


ject which 
profitably. 
only partial, this physiological adapta- 
tion to higher temperatures is a process 
which can be readily observed and 
measured. 

Now let the human exp 
plunge his own hand into water consider- 
ably warmer than his skin temperature 
at that moment. He experiences a sen 
sation which we are accustomed to call 
the sensation of warmth, and this, at the 
outset, may be very pronounced. But let 
him leave his hand in this warm water 
for a short time, and the intensity of the 

8 Wells, Physiol. Zool., 8: 196-227, 1935 

® Sumner and Doudoroff, Biol. Bull., 74: 403- 
429, 1938. 
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sensation diminishes rather rapidly. He, 
too, undergoes an adaptive change, such 
that the ‘‘physiological zero’’ or neutral 
point of sensation may be shifted by 
many degrees, and this within a few 
minutes’ time. 

Thus, the phenomena of temperature 
adaptation, in these two cases, present a 
very similar picture, although in one case 
we have to do with changes in oxygen 
consumption, in the other with sensory 
experience. We have, in each case, an 
abrupt rise in magnitude, followed by a 
more gradual fall. However, we are able 
to point out more striking similarities 
between these two sets of phenomena. 

There is one type of experiment which 
we have performed many times upon 
fishes, and with consistently uniform 
results.*° This is to transfer two lots of 
specimens which have sojourned some 
days or weeks at high and low tempera- 
tures, respectively, to a common interme- 
diate temperature, and to determine their 
relative rates of metabolism after varying 
intervals. There is at first a complete 
reversal of the former relations, the fishes 
from the warmer water now having a 
much lower metabolic rate than those 
from the colder. After the lapse of a few 
days, however, these differences are 
obliterated. 

Compare these findings with a classical 
experiment of Weber’s, which most of us 
have doubtless performed. Let us im- 
merse our two hands in warm and cold 
water, respectively ; then, after a minute 
or two, plunge them both into water of 
intermediate temperature. The latter 
will feel at the same time cold to the one 
hand, and warm to the other, a reversal 
exactly comparable to that experienced 
by the fishes. Within a fraction of a min- 
ute, these differences will have vanished. 

The relative rate of these adaptations 
in man and in the fish might seem to 
throw them into quite different cate- 
gories. Those in man are to be measured 

10 Wells, Biol. Bull., 69: 361-367, 1935; 


Sumner and Wells, ibid., 368-378; Sumner and 
Doudoroff, Biol. Bull., 74: 403-429, 1938. 


in minutes or even seconds, and seem { 
be primarily phenomena of the ner 
system. Those in the fish, on the ¢ 
trary, cover days or weeks. They 
very questionably to be ascribed to 
nervous system, despite the far s] 
tempo of nervous processes in a 
blooded animal. Nevertheless, both a) 
excellent examples of physiological t 
perature adaptation, and it hardly seems 
likely that the analogy between them is 
entirely superficial. The various p] 
nomena of contrast and negative afte: 
effects are familiar both in physiol: 
and psychology, and the physiolog 
mechanisms which underlie them are : 


altogether unknown. 
* * * * 7. * 


Thus far, however, we have been tray 
ing in waters which have been sufficient! 
charted to give us at least a comfortal 
sense of security. We could see enoug 
beacons and lighthouses in various dir 
tions to keep us from being stranded « 
the shoals or dashed to pieces on tl! 
rocks. We might never have reached th 
promised land, but at least we were never 
in danger of shipwreck. 

I am going to ask you now to sail wit! 
me upon a cruise of reckless advent 
with nothing but dead-reckoning to gu 
our course. Your captain is painfu 
inexperienced and possibly even subj 
to hallucinations. Also, the mate tells m 
that the rudder has been lost. We sh: 
embark from the harbor of solid fact, a: 
end, perhaps, in the fog of phantasy 
Are you ready? 

Let us commence with one of the mo. 
spectacular performances of fishes. I 1 
fer to the spawning migrations of 1 
salmon.** The story has often been told 
and you are all doubtless more or 
less familiar with it. Perhaps the oft 
repeated assertions of certain critics may 
have led you to believe that the essential 

11 Since a comprehensive review of the lit 
ture of this field has recently been prepared f 
The Quarterly Review of Biology by Mr. Bradley 
Scheer, I have not thought it worth while to cit 
references here. 
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features of this narrative are still in 
doubt. While I altogether lack personal 
experience in this field, I think that a 
careful reading of the evidence will con- 
vinee most biologists of the validity of the 
so-called ‘‘home-stream theory.”’ 

The amount of sound observation 
and well-planned experimentation upon 
which this theory is based is very great; 
and while certain inevitable gaps exist 
in the continuity of the direct evidence, 
there appears to be considerable indirect 
evidence which serves to fill in these gaps. 
On the other hand, such limited negative 
evidence as has been published would 
seem to apply only to particular streams 
or particular local populations of salmon, 
and it certainly does not invalidate the 
far larger mass of positive evidence. I 
shall speak chiefly of the Pacific salmon, 
since our best evidence has been derived 
from these. 

Here, then, are some of the facts. 
Young of several species of Pacific salmon 
have been marked in lots of many thou- 
sands at a time and liberated at various 
points in a number of the river systems 
of British Columbia and our own Pacific 
states. Many of these individuals have 
been recovered upon their return from 
the ocean to spawn several years later. 
With insignificant exceptions, such fishes 
have been taken in the river system in 
which they were planted, the exceptions 
relating to streams in the immediate 
vicinity. Moreover, they were taken very 
preponderantly in the same tributary in 
which they were planted. 

“‘The most striking instance of this 
return to the home-stream,’’ say Rich 
and Holmes,” ‘‘is that to Spring Creek. 
This stream is so extremely small that it 
is difficult to see how the salmon could 
find it at all, and yet 82 of the fish marked 
here were recaptured here as adults, 
while only 4 were taken in other spawn- 
ing tributaries.’’ 

However, this specificity, in relation to 
the particular tributary, is not always as 

12 Bulletin of the U. S. Bureau of Fisheries, 
44: 215-264, 1929. 
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precise as in the case cited. It seems to 
depend, in some measure, 


the young fish stays in the stream be- 


upon how long 


migration to the sea One 
highly important fact must be 


here. 


fore its 
stressed 
Transplantation experiments with 
young bred in the hatchery have shown 
that it is not necessarily the home-stream 
of the 
adult returns. 
in which it spent its own early life after 
hatching. 

The facts thus far stated would not be 
so difficult of explanation if it could be 
assumed that the marked fish, after its 
descent to the ocean, never ventured far 
from the mouth of its home stream, but 
remained within the latter’s ' 
influence until the 
prompted it to seek fresh water again. 
Even then, we should be left 
tough problems to solve. Unfortunately, 
Many 
of the marked fishes have been trapped at 
distances of hundreds of miles from the 


parents to which the spawning 


It returns to the stream 


zone ol 
Spawning instinct 


with some 


no such assumption is warranted. 


river’s mouth. 

Certain writers, apparently wishing to 
save their faith in the simplicity of bio- 
logical phenomena, have contended that 
all such specimens must necessarily be 
which could never have 
But 
Salmon which have 


**strays,’’ made 
the home journey. 


purely gratuitous. 


such a claim is 


been tagged in the ocean as adults, as far 
away as Queen Charlotte Island, more 
than 600 miles distant, are known to have 
entered the Columbia River to spawn. 

these 


Moreover. the proportion of 


: in some experiments with the 
iched 


as high a figure as 30 per cent. of those 


‘strays,”’ 
Atlantic salmon, is known to have re: 


recovered, certainly an unexpectedly high 


rroportion of biological wastage, if the 
pro} 


contention of these eritics be vranted. 
And again, one may ask, why should not 
these supposed stragglers, under the urge 


of the spawning instinct, seek fresh water 


and attain their end in the nearest 
available river? Apparently, this never 
happens. 


Further important indirect evidence 
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is derived from a study of the scales and 
some other characters of the salmon, 
which indicate that the fishes of different 
rivers, even those belonging to the same 
species, exhibit recognizable racial dif- 
ferences. It is significant that mixed 
populations, comprising a number of 
these local races, have been found on 
oceanic feeding-grounds, far from these 
various home-streams. It would cer- 
tainly be difficult to account for the 
maintenance of such races, except on 
the supposition that they segregate 
themselves and travel independently to 
their respective streams at the time of 
spawning. 

In the present state of our evidence, 
I think that we can hardly escape the 
conclusion that the individual salmon 
commonly returns to spawn in the same 
river and tributary in which it passed its 
early life, and this even after the lapse of 
several years spent in the ocean, and after 
migration to points which may be hun- 
dreds of miles distant. 

The difficulty of accepting this conclu- 
sion results, of course, from the difficulty 
of accounting for the phenomena con- 
cerned. And yet we have difficulties of a 
similar nature, and perhaps even greater 
ones, in the now well-known life histories 
of the American and European species of 
fresh-water eel. Here, the mature fishes, 
after a life of many years in the fresh- 
water streams of America and Europe, 
return to spawn in the region of their 
nativity in the western Atlantic, in many 
eases after a journey of several thousand 
miles. But that is not all. The young 
of these two species, with no paren- 
tal coaching, except what is conveyed 
through the genes, reach in time their 
own proper sides of the Atlantic and 
ascend the rivers. We will not say the 
same rivers in which their parents had 
lived. That would seem to be too much 
to ask of them, though it would be an 
impossible thing to prove if they actually 
did it. 

The different life-histories of these two 
species depend in part upon differences 
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in the length of the larval period, that 
the European eel lasting about ¢ 
years to the American’s one. And 
northeasterly migration of the Europ: 
larvae is partly passive, being aided }y 
the Atlantic drift. Yet neither of thes, 
circumstances helps us very far toy 
an explanation. We must recall that t 
eggs of the two species are laid in 
tiguous or even overlapping areas o! 
ocean and that the young larvae m 
together freely at first throughout a 
siderable area. 

It is true that attempts have been n 
to force a certain part of these facts 
our previously accepted categories a1 
question the others. Writers ho 
this point of view would account fo: 
return migrations of the salmon as a s 
cession of thermotropic or chemot 
responses. One prominent America 
ologist, for example, has contended t 
at each fork of the road the fish s 
the colder water, while a French writ 
seems equally convinced that it is 
proportion of oxygen which each stream 
carries that is determinative in the cho 
Such suppositions can hardly expla 
how a number of races may make differ- 
ent selections at the same crossroads. 

That the phenomena of salmon migra- 
tion do not fit into these or any ot 
established physiological categories wi 
seem evident from a brief examination o! 
the data already known. On any theor) 
we must grant the existence of some sort 
of organic memories or ‘‘engrams,”’ re- 
eorded in the nervous systems of thi 
fishes, since the return journey is s 
largely dependent upon the individual's 
early history. These memories must re- 
late, in some way, to the individual’s past 
experiences of the environment. Accord 
ing to our familiar modes of interpret 
tion, they must enable the animal 
recognize very specific elements of this 
environment, to the extent that they are 
able to trace their early wanderings 
reverse. But this would necessitate th: 
supposition that the essential elements 0! 
the fish’s early environment, and the rela- 
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tions among these, remain essentially 
unchanged during the animal’s long ab- 
sence. This plainly can not be the case. 

Let us, for example, suppose that the 
fish ‘‘remembers,’’ albeit unconsciously, 
the quality of the water of its home river 
and tributary creek, and is able to dis- 
tinguish this from a great variety of 
other waters through which the nostalgic 
creature passes on its return journey to 
spawn. Such a supposition would not 
be incredible, perhaps, if we could as- 
sume that the sought-for water retained 
its old-time flavor. But suppose, as actu- 
ally happens, that the young fish left the 
river in the fall, whereas it returned in 
the spring, when the water temperature 
was much lower. In such a case, too, the 
downward migration must have taken 
place during a period of low water, 
whereas, at the time of the return jour- 
ney, the spring freshets had perhaps 
quadrupled the river’s flow, stirred up 
much silt, aerated the water more thor- 
oughly and in general changed its chem- 
ical and physical properties. Then, too, 
forest-fires on the watershed, and changes 
due to agriculture or to industrial de- 
velopment can not fail to modify the com- 
position of the water from one year to the 
next. These resulting fluctuations in the 
character of the water of any single river 
may surely lead to greater diffierences at 
times than those which distinguish one 
river from another. 

How, then, can we resolve these di- 
rected wanderings of the salmon into a 
mere succession of thermotropie or chemo- 
tropic responses, when there is no con- 
stancy in the physical conditions of any 
part of the travel-route from month to 
month or year to year? I don’t believe 
that this can be done. 

I have spoken of the thermal and chem- 
ical senses in this connection, since any 
other known special senses of the fish may 
be safely left out of consideration. Many 
persons, particularly those without bio- 
logical training, are quick to appeal to 
some unknown ‘‘sixth sense’’ to help us 
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out of such a situation. As if most 
vertebrate animals, fishes included, did 
not have more than six senses already! 
The question in this case is not so much 
that of discovering some additional sen 
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sory mechanism in the fish as it is of find- 
ing, or even conceiving of, some hitherto 
unrecognized mode of physical energy 
competent to act as a directive stimulus 
I think that we are justified in saying that 
we lack any satisfactory clue to such a 


directive stimulus at the present time 
The situation might seem to call for 
some method of geodetic orientation upon 
the earth’s surface rather than mere gu 
dance by stimuli from successively e1 
countered features of the environment 
But orientation in the earth’s magnet 
field would surely be a wild guess, and 
guidance by means of the earth’s rota 
tional forces would perhaps be an even 
wilder one. And what would you think 
of me if I should attempt to endow the 
poor fish with some sort of an integrating 
mechanism, such as our mathematical 
friends employ in their calculations—one 
which would automatically register all 
the components in the animal’s meander- 
ings and come out with the right answer, 
in spite of everything? Alas, though the 
fish ’s anatomy is pretty well known, there 
doesn’t seem to be room anywhere for an 
integrator. ; 

Whatever unknown or unsuspected fae 
tors may be operative, however, we may 
be certain that the animal’s recognized 
senses supplement these and play an im 
portant part in the matter, throughout. 
Above all, it should be insisted that this 
entire range of phenomena lends itself 
very well to experimental attack. Vari- 
ous hitherto untried experiments suggest 
themselves, which would vO a long way 
towards clearing up some of the more 
baffling points. 

= = 7 ~ . . 

I am next going to take you on what 
some of you may regard as a brief trip 
through the scientific underworld. Be- 
fore permitting yourselves to be shocked 
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or indignant, however, I beg of you not 
to form premature notions of my real 
meaning. 

There is still a wide-spread belief, 
dating from man’s earliest past, that we 
have channels of knowledge independent 
of our recognized senses. This belief 
would seem to have all the earmarks of 
a primitive myth, and I am not prepared 
to say with full confidence that it is not 
precisely that. However, it is a curious 
circumstance that evidence for phenom- 
ena of this type has been accumulating 
in our present scientific age, and indeed 
in the hands of some of the scientists 
themselves. Experimental methods have 
been applied, sometimes with every ap- 
pearance of honesty and intelligence, and 
results obtained which have seemed con- 
elusive enough to convince men of high 
standing in their own special fields of 
science. Our great psychologist, William 
James, for example, unhesitatingly ex- 
pressed his belief that the ‘‘medium’’ (or 
her ‘‘control’’) might be ‘‘acquainted 
with facts about the circumstances, and 
the living and dead relatives and ac- 
quaintances, of numberless sitters whom 
the medium never met before, and of 
whom she has never heard the names.’’ 

One may, of course, cite James as a 
striking instance of how a brilliant and 
learned man may allow himself to be woe- 
fully deluded, and this may, indeed, 
prove to be a just appraisal of his case. 
However, I should insist that no one is 
entitled to offer such an opinion unless 
he has at least taken the trouble to ex- 
amine the evidence on which James based 
his beliefs. 

As many of you may know, there is a 
rather steady output at the present time 
of alleged proofs of the reality of both 
telepathy and clairvoyance. Such claims 
are not restricted to ‘‘swamis’’ and 
Gypsy princesses. They are being made 
by men holding chairs in some of our 
more reputable universities, and they 
purport to be based upon rigidly experi- 
mental procedure. The claims of Pro- 
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fessor Rhine, of Duke University, 
probably the best known in recent years 
but similar results have been annow 
from various other sources which 
ordinarily be calculated to inspire , 
fidence. 

We are assured, for example, that 
certain proportion of the subjects 
have been tested in this connection 
able to designate cards of a special set 
considerably more frequently than w: 
result from mere chance guessing. [py 
some of these tests the subject and 1 
experimenter were in different rooms 
in different buildings or were even m 
apart. 

Particularly bewildering to us wo 
be admission of the claims of celairy 
ance. It is alleged that certain of t! 
subjects possess the ability to penetrat 
the depths of a pack of the experiment 
eards and to discern, preponderantly 
least, the order in which they chance 
lie. No form of radiant energy wou 
seem competent to reveal to a senti 
being the differences of pattern in cards 
lying at successive levels in a pack 
fraction of a millimeter apart. Think 
what a jumble an x-ray 
would make of such superimposed pat- 
terns! 

On the whole, these experiments ha‘ 
every appearance of being conducted hon- 
estly, and with a serious endeavor 
exclude the numerous opportunities 
self-deception. Statistically speaking 
they would seem to have vastly higher 
evidential value than we ordinarily de- 
mand in an experimental research in 
biology. 

Where, then, is the joker in all this 
I confess that I do not know. It would 
relieve our minds vastly, of course, if w 
could accept the most obvious explana- 
tion, that of fraud. If it is fraud, it has 
been conducted on a rather large scale 
and in some quite unexpected places. In 

13 ‘* Extra-Sensory Perception,’’ Boston, 1954; 
also articles in Jour. Parapsychol., published b) 
Duke University, Durham, N. C. 
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some of the cases, it must have involved 
conspiracy on the part of a number of 
persons. Self-deception As another fa- 
milar mode of explanation, and a far 
more charitable one, but it is not at all 
easy to reconcile this with the published 
accounts of the procedure. These are 
more easily reconcilable with intentional 
deceit. 

It is my guess that a large majority 
of those here present will be content to 
dismiss the subject with one of these alter- 
native explanations—fraud or self-decep- 
tion. I wish that I could be satisfied with 
such a ready solution of the problem. It 
is my impression that this type of solu- 
tion is less acceptable in proportion to 
one’s familiarity with the evidence. And 
in so saying I by no means restrict my- 
self to the evidence of the past few years. 

Now I can feel—and this without any 
recourse to telepathy—that some of you 
are bewailing my folly in giving serious 
attention to such a thoroughly ‘‘screwy’’ 
subject before an eminently respectable 
scientific gathering such as this. How- 
ever, please remember that I came to you 
primarily as a student of fishes, and that 
it is the time-honored privilege of one 
who talks about fishes to depart from con- 
ventional notions of credibility. Now 
and then, too, the narrator of fish-stories 
it able to confound his listeners by show- 
in them that the incredible is true, as 
witness the homeward migrations of the 
larval eels, already referred to, or the 
story which I have just related of the 
return of the spawning salmon from the 
ocean to the old swimming hole, in that 
little creek, hundreds of miles upstream 
from the river’s mouth. But you don’t 
have to take the word of the fish man for 
the reality of these incredible perform- 
ances among animals. The ornithologist 
has long told us impossible things about 
the migrations and homing instinct of 
birds, and in recent years he has been 
able to back up his assertions experi- 
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mentally by the use 
method. 

Before concluding, I hope that I may 
be able to dispel any misunderstanding 
as to what I have been trying to tell y 
in this last section of my address. I am 
not asserting that any experiments i 
field of telepathy and clairvoyance yet 
stand on the same footing scientifically as 


b rda- 


Say, or even iImpty 


those of the salmon-taggers or the 
banders. Nor do ] 
that these fishes or birds are guided by 
any such faculty as that which (perhaps! 
enables our clairvoyant friends to see 


ft eards or to filch 


through their packs 
perceptions at long range from the in 
terior of one another’s craniums 

My intention, in this last section of my 
address, is to insist upon the possibility 
that in both man and some other animals 
impressions from the environment may 
not all be mediated through recognized 
organs of special sense which are sensi- 
tive to recognized modes of chemical or 
physical stimulation. This does not mean 
that I wish to remove a large and impor 
tant class of phenomena from the field 
of natural There is abundant 
opportunity for rigidly exact investiga- 
tion here, both in 
fish. And I believe that it is our present 
duty to settle some of 
troversial matters by experiment, instead 


science. 


the case of man and 


these highly con- 


of dogmatically denying them or com- 
placently ignoring them. 

You may think that these remarks of 
mine are merely the maunderings of a 
If so. my brain began 
However, it 


senescent brain. 
to senesce many years ago. 
is a popular belief that willingness to en- 
tertain strange and unwelcome ideas is 
a quality of youth rather than of old age 
and that the real attributes of senescence 
are bigotry and intolerance to new modes 
of thought. And so | 
fense on the plea of extreme youth and 
throw myself on the mercy of the court 


will rest my de- 
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TIME AND PLACE FACTORS IN EARLY 
HUMAN EMERGENCE 


By Professor PAUL HUSTON STEVENSON 


DEPARTMENT OF ANATOMY, PEIPING UNION MEDICAL COLLEGE, PEKING, CHINA 


THE quality of interest being displayed 
at the present time in the various prob- 
lems pertaining to early human history 
differs in kind and degree from that of 
any preceding age. Although innumer- 
able generations have rendered lip service 
to the classic admonition ‘‘know thyself”’ 
—ecarved by unknown hands above the 
entrance to Apollo’s temple in ancient 
Delphi and proclaimed by Socrates to be 
the beginning and the end of the pursuit 
of knowledge—yet it has remained for the 
present generation to bring to bear on this 
central problem of human interest a dis- 
eipline of factual thinking that is de- 
stined to remove the problem, for all time 
let us hope, from the realm of mere 
philosophical and metaphysical specu- 
lation. This fortunate circumstance, the 
significance of which it would be difficult 
to overemphasize, has not come about 
fortuitously. During a relatively brief 
period of years, not exceeding two or three 
decades in certain fields of investigation 
and hardly more than as many centuries 
in others, man has acquired a keener 
sense of reality and a deeper respect for 
the forces inherent in nature than he has 
ever had before. His growing under- 
standing and confidence in the essential 
integrity of natural law, including even 
the laws underlying the mysterious 
phenomenon of life, are such that in spite 
of his fumbling efforts to interpret the 
evidence dealing with his own existence, 
man nevertheless feels no longer impelled 
to divorce himself from the rest of nature 
and ask the intervention of a supernat- 
ural order on his behalf. 

Among the various questions relating to 
early human history, there are two in 


particular about which the interpret 
tion of the available evidence has up unt 
now been particularly difficult. T) 
are, briefly: (1) when, in geological his 
tory, did there appear on the scene t] 
unique creatures whose sum-tota! 
physical and mental attributes, so fa: 
we may surmise, entitles them to b 
sidered the earliest members of the hu: 
family ; (2) where on the earth, wit! 
consideration of the paleogeographic 
terations in the various land masses 
volved, did there exist the parti 
combination of circumstances most 
responsible for the ultimate differ 
tion of these early hominid forms 

the parent Primate stem. In brief, t 
day, we are still asking, as thinking 1 
has probably always done, about 
when and where as well as the whence 
the coming of mankind. The signific 

of Sinanthropus pekinensis, the best 
documented of the early fossil homi 
thus far discovered, resides largely ir 
fact that this primitive form contributes 
significantly to the answers to these ques- 
tions. 

The comparative wealth of Sin 
thropus fossil remains now available e1 
ables human paleontologists to define its 
distinctive characters and to determin: 
that it represents without doubt the ea: 
iest hominid type yet discovered under 
circumstances conducive to a distinct 
advance in knowledge concerning man) 
of the special questions involved. Its 
contribution to the first of the questions 
mentioned above, namely, that of the tim 
element in early human evolution, resides 
in the simple but significant fact that th: 
remains in question were found firm|) 
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ambedded in situ in the undisturbed 
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pert opinion bearing on the point in ques- 


geological formation of the time during tion. Estimates of the exact age of man 
+ 5 


which this creature lived. The definite 


veo 


able to determination in accordance with 


will probably always vary as much as 


logical age of this formation is amen- from a quarter to a half million years. It 


must be noted, however. that each succes 


usual paleontological procedures. The sive geochronological determination i 

fortunate circumstances under which the creases rather than decreases the probable 
Sinanthropus remains were discovered are duration of the various divisions of the 
in sharp contrast with the considerable total life period and correspondingly that 


uncertainties respecting the geological 


formations yielding the remains both of 


Pithecanthropus of Java and Loan- , 
Both these latter ®%8¢S estimated by the latest radio-activity 


thropus of England. 
finds were recovered from beds of redis- 
tributed gravels. Therefore, in addition 


to certain controversial questions relating 


to these respective finds on morphological 
grounds, there will always remain a con- 
siderable degree of uncertainty regard- 
ing their actual geological age. 

With regard to the age of man as dis- 
closed by Sinanthropus, on the basis of 
careful study of the stratigraphical and 
paleontological evidence the Choukoutien 
fossiliferous deposits containing the re- 
mains are assignable to the early stages 
of the Pleistocene period of geological 


of man. The significant fact is that when 
compared with either the total age of the 
earth or the span ol life on the earth 


methods of determination as approximat 
ing 2,000,000,000 and 600,000,000 years 
respectively—then it must be realized 
that mankind, with barely one million 
years to his credit, is among the very 
youngest of the distinctive animal forms 
inhabiting the earth to-day. And when 
contemplating the various problems be 
setting the human family, it is well to 
appreciate the fact that this extreme 
youthfulness of man, which in many re- 
spects is his most significant paleontolog 
ical characteristic, must at the same time 
be counted his greatest asset. 

Of slightly different order but of equal 


time. If we accept the latest geochron- jnterest with that of age is the question 


ological estimates based on radio-activ- of the 


ity determinations, then we must assign 


geographical region and the 
relevant circumstances giving rise to the 


to Sinanthropus an age approaching very hominid divergence from the proto-human 


nearly one million years. 
This figure is of significance chiefly 


Primate stem. Various localities, usually 
either in Asia or Africa, have at one time 


when compared with earlier estimates of or another been suggested as the site of 


the time of human origins, or when con- 


this significant evolutionary step. I shall 


sidered in relation to either the age of the jn this place briefly outline the evidence 
earth or the estimated span of total life which seems to point to-day to that region 
history on the earth. Compared toearlier of Asia north of the Himalavas as the 
estimates this newly determined age of area in question. The gvidence consists 


man is much greater than hitherto as- 


of correlated data derived from three 


sumed. Indeed, the figure is two or three fields of inquiry, namely, zoological, 
times that given in many present-day geographical and paleontological. The 


treatises dealing with the subject of early 
man. A million years, however, is none 


essence of these correlated findings are 
briefly as follows: 


too long a time for the significant mor- The largest land area on the earth’s 
phological changes that have taken place surface, namely Asia, particularly the 
in the human organism since Sinan- central area of this vast continent, has 
thropus. There will perhaps always be a long been recognized as bearing a pecu- 


considerable range of variation in ex- 


liarly significant relation to the geo- 
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graphical distribution of animal life. 
This is true with respect to both living 
and extinct forms. An examination of 
the distribution of land and water areas 
of the earth’s surface reveals the fact 
that all the great land masses of the earth 
are contiguously related to Asia in the 
hemisphere, in spite of oc- 
easional separations due to recurrent 
transgression of the oceans over certain 
shallow areas; whereas the radiating con- 
tinental extensions below the equator in 
the southern hemisphere are separated 
from one another by wide and deep 
oceans. 

The sequence of events relating to the 
history and dispersal of the various mam- 
malian forms over these related land 
areas was set forth most clearly by W. D. 
Matthew in his historical treatise in 1915 
on ‘‘Climate and Evolution.’’ The evi- 
dence bearing specifically on the problem 
of the history and distribution of the 
Primates was later assembled and dis- 
eussed by Davidson Black in a valuable 
paper ‘‘Asia and the Dispersal of Pri- 
Both these publications are 


northern 


’ 


mates.’ 
destined to become classic contributions 
in their respective fields. They have es- 
tablished beyond reasonable doubt that 
climatic change must be considered a 
most significant determining factor in the 
evolution of land vertebrates and ‘‘the 
principal known cause of their present 
distribution.’’ The correlated evidence 
points clearly to the additional fact that 
**the principal lines of migration in later 
geological epochs have been radial from 
Holarctice centers of dispersal’’; in many 
specific instances, it may be added, from 
the central Asian region of the Holarctic 
zoogeographical distribution zone. Black 
was aided greatly in his discussion of the 
distribution of the various evolving 
groups of the Primates throughout 
Cenozoic time by Grabau’s paleogeo- 
graphical maps of Asia covering this 
period. 

The particular findings concerning the 


relevant events that appear to have }; 
taking place at the critical peri 
Primate evolution, the period d 
which the proto-human stock becany 
ferentiated from the main Primate s} 
may be summarized somewhat as fi 
During the uniformly warm and 1 
Eocene and immediately succeedin; 
iods up to middle tertiary times 
before the elevation of the Him 
the Asian landscape appears to hay 
sented a relatively simple topog: 
The climatic conditions over most of 1 
area, at least as far north as the Siber 
border of to-day, were such as to { 
an extensive forest growth. These { 
are attested not only by the fossil re: 
of the plant life in the Oligocen 
beds of Manchuria and other regi: 
North China but by the distributio: 
fossil remains of certain browsing ani- 
mals, among them the giant hornless 
rhinoceros Baluchitherium. Fossil ree. 
ords indicate further that during th 
early periods of the Cenozoic this exten- 
Sive area was also the site of a rapidly 
expanding phase of higher Primate evolu- 
tion. 

In spite of the delayed paleontological 
exploration of certain portions of th 
area in question, particularly the Tibetan 
plateau and adjacent regions difficult of 
access at the present time, the accumulat- 
ing fossil records of this critical peri 
in Primate evolution are consistent 
significant in their direct bearing on t! 
problem of proto-human evolution. T 
area of greatest concentration of foss 
remains of the highly specialized Mioce: 
anthropoids is located in the Sivalik reg 
ion to the south of the present Himalayas 
The faunal and floral conditions making 
up their natural habitat, as well as that 
of their immediate descendants, extended 
at that time uninterruptedly to the north 
There is little room for doubt that th 
remains of these advancing Primate forms 
will in time likewise be found in the con- 
temporary deposits of the unexplored 
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contiguous areas in that direction. The 
fact that Dryopithecus has been found as 
far away as Europe, in the late Miocene 
strata. is evidence of the fact that these 
forms were able to migrate widely over 
their range of suitable environment. 

Certain generalizations based on the 
correlation of these biologic and paleo- 
geographic factors become inevitable. It 
1S generally conceded, for instance, that 
the most conspicuous morphological and 
related changes leading toward human 
evolution were those occasioned by man’s 
pre-human ancestors leaving the forest 
and adventuring into the open. These 
morphological changes, made necessary 
by gradual alterations in the type of 
habitat, were of the nature of progres- 
sive adaptations through the develop- 
ment of potential though dormant facul- 
ties. Perhaps the most significant of 
these dormant faculties, from the imme- 
diate functional standpoint, was that of 
a lower extremity capable of being 
specialized for unassisted support and 
progression. Such specialization of the 
lower extremity made possible in turn the 
subsequent emancipation of the forelimb, 
and released the evolving potentialities of 
the human hand. Important also among 
the attributes of greatest potential 
significance were eyes that had already 
moved around to the front of the head, 
thus permitting a more perfect stereo- 
scopic and otherwise discriminating visual 
examination of nature. But of greatest 
significance of all these proto-human 
Primate attributes was a brain possessing 
a cerebral cortex capable of the elabora- 
tion of association areas under an increas- 
ing influx of new and discriminative sen- 
sory stimuli. These and other associated 
morphological and physiological poten- 
tialities were among the faculties of the 
arboreal anthropoids making up the 
proto-human Primate stem. 

There is no one better qualified to 
formulate the paleogeographical and 
climate changes that brought these evolu- 
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tionary factors into existence than Pro 
fessor A. W. Grabau, whose critica n 
sideration and first-hend examination of 
the evidence relating to the points at 
issue have extended over nearly two dé 

ades of intensive paleontological researc] 
in China. Expressed in his own well 
chosen words these formulations are as 


follows: 


It is [ vey ap 
not be lig! p t s ! 
primitive anthropoids to 
adventure into the open where tl 
a radical change of habits would front the ? 
It is inconceivable that forest-d yy 
all their needs of food and shelter s | d 


their forest homes, could be induces 

to leave it, nor could we assume that tl 

driven into the open, as long as forests 
mained anywhere for them to take sh« 

It is only the wholesale destructior 

ests, and the development of barriers which 
would prevent migration to forested yuntr 
elsewhere, that could force these primitive 
anthropoids to assume a new mode of existence, 
and compel those capable of adapting ther 
selves to the new conditions to enter the | ath of 


development that would ultimately lead to man 

The elevation, at the beginning of Miocen 
time, of the Himalayan Range across Southern 
Asia would have precisely the effect postulated 
above as necessary to initiate the new line of 
development. These mountains int reept the 


moisture-bearing winds from the Indian Ocean. 
Infrequent rainfalls and the drying up of 
lakes and streams, would lead to a depression 


of the water table, with the accompanying 4d: 
structive effect upon the vegetation With 
progressive increase in ari lity, the destruction 
of most if not all the forest trees was brought 
SG. « s.< 

I submit that it is the isolation of the Tibetan 


region, by the elevation of the Himalayas and 
other mountain ranges, and the accompanying 
increasing aridity which produced the envir 
ment which alone could lead to the emergenc: 
of the human type. And I further maintain, that 
unless it can be shown that Africa or any ot! 
region of the world experienced a para 
change in its geographic and climatic 
tions at the crucial time, these regions can 1 
lay any claim to being the site of man’s emer 
gence comparable to that offered by Tibet 
the adjoining districts of Asia. 

But while the survivors north of the Himala 


yan Range were forced into this new path of 
evolution by the radical change in environment, 
those on the south met with little change in the 
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conditions of existence. Development proceeded 
entirely along the established lines of simian 
characteristics, and it can scarcely be doubted 
that the existing great anthropoids arose from 
ancestors that remained on the south of the 
Himalayan barrier or migrated to regions open 
on the east and west. 

Sinanthropus pekinensis, the most prim- 
itive hominid of which we have specific 
or detailed knowledge, therefore requires 
no forced explanations as regards either 
his morphological status, his geological 
horizon or his geographical location. The 
various factors associated with his dis- 
covery are consistent throughout with 
respect to either or all of these points. 
And the intensive studies of the morpho- 
logical details of this unique form that are 
now being carried on by Professor Franz 
Weidenreich, able successor to the late 
Davidson Black, are destined to increase 
greatly our knowledge and appreciation 
of the significance of the skull, brain and 
dentitional stages of development found 
in this exceedingly primitive type of early 
man. 

The gap that separates Sinanthropus 
from the nearest known anthropoid forms 
of lower status is distinctly greater than 
that separating him from the other fossil 
hominids of more advanced status. When 
it ultimately becomes possible to carry 
out extensive paleontological explorations 
in late Pliocene and early Pleistocene de- 
posits in regions further west, on the 
Tibetan plateau and in central Asia, the 
more immediate ancestors of Sinan- 
thropus may be looked for with a very 
reasonable assurance of their being found. 
There seems little hope at the moment, 
however, that circumstances will prove 
favorable in the near future for such ex- 
plorations. In the meantime the fossil 


remains of various migrants from this 
area, representing no doubt in certain 
instances the descendants of intermediate 
forms between the highly advanced Dryo- 
pithecus anthropoid forms on the one 
hand and Sinanthropus on the other, will 
be found in near or far regions of the 
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earth. There is some indication that the 
fossil form Australopithecus, found 
Africa, may represent such a stage. (op. 
sidering the vastness of the time involy 
there is nothing inconsistent in the dis. 
covery of this advanced proto-hun 
form in Africa and the postulated Asia‘ 
origin and area of dispersal as set 
above. 

On the basis of the relevant pal 
graphical and paleontological data y 
available, therefore, the following tent 
tive chronological outline of probabilities 
seems to be justified with reference to ce: 
tain cardinal factors underlying late | 
to-human and the early human stag 
evolution. Professor Grabau’s summa 
of the periods involved will be used, and 
his term ‘‘ Protanthropus’’ retained as a 
designation of the earliest hominids. 

(1) Oligocene period: ‘‘ Asia mostly a 
continent of undulating wooded and w: 
watered lowlands and fertile plains, with- 
out high mountains, separated from 
Europe by marine straits. Primitive 
anthropoids like Dryopithecus inhabited 
the forests, and Baluchitertum roamed the 
plains.’’ 

(2) Early Miocene (B.c. 20,000,000 or 
earlier): ‘‘The Himalayas and other 
mountains arose in Asia, the Alps, Car- 
pathians and others in Europe. Increased 
rainfall over northern India, aridificati 
of climate over Tibet and much of Central 
Asia. The death, by drought, of the 
forest trees, forces the surviving anthro- 
poids into the open, while Baluchitherium 
becomes extinct. Dryopithecus remains 
largely unaffected and unchanged in the 
region south of the Himalayas.’’ 

(3) Later Miocene: ‘‘ Increasing aridity 
forces the surviving anthropoids in Tibet, 
etc., to adapt themselves to the new en- 
vironment or perish . . . Protanthropus 
emerges ... South of the Himalayas, 
anthropoid development proceeds along 
Simian lines.’’ 

(4) Early Pliocene: ‘‘Protanthro; 
migrates northward and reaches the well- 
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watered Tarim basin.’’ While supported 
as yet by no direct fossil evidence, this 
} ypothetical generalization is nevertheless 
fully in accord with all relevant sub- 
sidiary evidence. 

5) Later Pliocene (B.c. 10,000,000- 
p.c 1,000,000): ‘‘Protanthropus 
his migration east and west, divergent 
modification characterizing the various 
branches.”’ The earliest flint industry 
probably begins during this period and 
develops unequally in various regions. 

(6) Polycene (a period of transition 

designated by Grabau between the Plio- 
cene and Pleistocene in Asia) (B.c. 1,- 
000,000—B.c. 500,000): ‘‘Deseendants of 
Protanthropus reach east China as Sinan- 
thropus. A branch starting southward 
reaches Cathaysia where tropical condi- 
tions induce retardation in development, 
and Pithecanthropus emerges. The west- 
ward migrating group splits, one divi- 
sion reaches west Europe as Eoanthropus 
—(possibly with a branch ending in 
Palaeanthropus) ; another enters Africa 
and develops features characteristic of 
Homo but retains a primitive culture.’’ 

(7) Pleistocene (B.c. 500,000-s.c. 100,- 
000) : **Glaciation of Europe. around 
the borders of the ice sheet Neanderthal 
man develops his culture. Cold dust- 
laden winds, depositing enormously thick 
layers of loess, prevented Neanderthal 
migration to China where Sinanthropus 
may have continued or become extinct. 
...+ The dismemberment of Cathaysia 
isolates Pithecanthropus who either be- 
comes extinct or under island environ- 
ment develops an independent Neander- 
thaloid type.’’ 

(8) Early Holocene (xB.c. 100,000-2) : 
“The waning of the ice sheets puts an 
end to the dust-bearing winds, or greatly 
diminishes them. Neolithic man migrates 
to Europe from the still unknown center 
of his origin . . .,’’ and also, it may be 
added, to eastern Asia, where he and his 
cultures became wide-spread. 


starts 
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(9) Later Holocene: 


99 
emerges. 


‘Civilization 


In the preceding paragraphs we have 
attempted to fit together certain frag 
the correlated 


} 


mentary fossil records and 


paleogeographical evidence that are nov 


available relevant to the very earliest 
stages of human emergence. From tl 
seventh (Pleistocene stage in the fore- 


going chronological outline onward to th 
present, the footsteps of primitive man 
become more and more distinct, although 
wandering for long periods of time along 
trails that are still obscure 

Despite dire prophecies to the contrary 
there is no reason to doubt that human 
evolution still continues forward and 
after 
mankind persistently come and go 


up 
generation of 
Each 


contributes its mite of human experience 


ward. Generation 


to the accumulated progress achieved by 
the of the 
Continued progress depends as ever on 


countless generations past 
infinitely small increments, derived from 
individual successes in meeting the physi- 
eal, mental and social challenges of a 
changing world. The 


cortex strives fitfully and imperfectly to 


human cerebral 
exercise a more reasoned control over re- 
flexes that are strongly conditioned by 
long periods of animal and savage ances- 
tries. Impressed by his increasing mas- 
tery over certain of the physical elements 
in his environment, man feels emboldened 
to aspire to a self-devised organization 
and management of human life on this 
planet. Fortunately stronger than the 
deliberate purposes of reformers or dic 
tators, the human differ 
ences they blindly seek to suppress. For 
it is by virtue of these differences—re 


however, are 


sultants of concomitant variables of race, 
climate, culture, or biological vitality 

that through the 
processes of elimination and substitution, 


nature, continuous 


is able to recruit in each age the van- 


guard of the forward march. 


THE ZOOLOGIC DISTRIBUTION OF INTRA- 
ORAL CANCER 


By Dr. HAYES E. MARTIN 


ATTENDING SURGEON, MEMORIAL HOSPITAL, NEW YORK CITY 


and BEULAH F. HOLLAND 


NEW YORK CITY 


ALTHOUGH cancer has long been known 
to oceur in practically all species of verte- 
brates, there has been little scientific in- 
terest in animal cancer until recent years. 
From a purely economic standpoint, lit- 
tle or no importance is attached to the 
frequency of this disease in animals, but 
the subject is of considerable signifi- 
cance in a study of the cause of cancer 
in man. 

For the most part, malignant growths 
in man and in animals appear to be 
similar under the microscope and to fol- 
low about the same clinical course. It 
would be reasonable, therefore, to as- 
sume that they arise from the same cause. 
On this premise numerous investigations 
have been carried out in series of animals 
purposefully subjected to specific cancer- 
producing agents. It has long been 
known that certain forms of cancer—as, 
for instance, cancer of the skin—can be 
produced in rats and mice by repeated 
applications of coal tar. Internal cancers 
ean also be produced by the injection of 
hormones. By careful hereditary selec- 
tion, cancer-susceptible strains of mice 
have been developed in which the oeccur- 
rence of the disease in various forms is 
very high. While these studies have 
served to demonstrate the potency of 
several now well-known causative factors, 
they have also further disclosed the com- 
plexity of the problem as to the essential 
nature of this disease. 

Any discussion of cancer in animals 
must take into consideration two distinct 
groups of cases—first, those growths pro- 
duced experimentally in the laboratory 
and, second, those arising spontaneously. 


Each group has its special significa 
and no informative conclusions ¢a 
drawn from pooling statistics of the t 
The study of experimentally prod 
cancer has been invaluable in the dis 
ery and investigation of special ca 
tive factors. For comparative pur; 
however, cancer which occurs spont: 
ously in animals should have a 
relationship to this disease in man a: 
therefore, should also merit serious 
sideration. 

The general anatomic distribut 
animal cancer has been discussed in 1 
merous reports, but we have found in t! 
literature no detailed analysis of 
disease with regard to the mouth 
throat. The specific purpose of the pres 
ent study was to determine as accurat: 
as possible from available evidence t 
topographic distribution of spontane 
eancer of the mouth in animals as « 
pared to man and, furthermore, to « 
relate any differences in distribut 
with known variations in the cancer 
producing influences to which man : 
animals, respectively, are subject. W 
have found in the literature 122 case r 
ports of cancer occurring in the mouthis 
throats and nasopharynges of animals 
and we have also collected 35 cases (1 


previously reported) by communicating 
with zoos, veterinary schools and _ vet- 


erinarians throughout the United Stat 
and Canada. 


ToPoGRAPHIC INCIDENCE 


In almost half of the cases reported 1 
the literature, the exact anatomic sit 
of the growth is not clearly designat: 
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DISTRIBUTION OF INTRAORAL CANCER 


eancer is reported vaguely as having oc- 
curred in the ‘‘mouth,’’ the ‘‘ pharynx,’’ 
or the ‘‘nose.’’ Such non-specific ana- 
tomie classification is, of course, unsatis- 
factory and probably indicates that the 
observer was either unfamiliar with the 
anatomy of these regions or uncertain as 
to the exact site of origin of the growth. 
In human cancer, that which occurs in 
the tongue has a different significance 
from the standpoint of treatment and 
eventual outcome from that which oc- 
eurs in other regions as, for instance, the 
tonsil, and therefore in a study of human 
cancer great care must be taken in deter- 
mining the precise origin of a tumor. 

In Table I are listed the relative per- 
centages of the anatomic forms of intra- 
oral cancer in man and in animals—the 
latter figures based upon our collected 

TABLE I 


ANATOMIC DISTRIBUTION OF CANCER OF THE 
ORAL CavViTy* 


Human beings Animals 
Per cent. Per cent. 
15 
Tongue 
Buccal mucosa (cheek) 





* These percentages for animals were calculated 
from our collected cases. 


series. It will be noted that in this group 
of animals, cancer of the jaws is the most 
frequent (39 per cent.) and, so far as 
the mouth is concerned, appears to occur 
in animals with about four times the 
relative frequency as in man (10 per 
cent.). Tongue cancer (27 per cent. in 
the human being) makes up only 18 per 
cent. of the intraoral tumors in animals. 
However, since it ranks second in fre- 
quency in both groups, we see little merit 
in the emphasis which D’Arey Power’ 
placed on the supposed rarity of cancer 
of the tongue in animals. The relatively 
high frequency of lingual cancer in man 
can be rather definitely attributed to such 

1D’Arey Power, ‘‘Selected Writings, 1877- 
1930.’ Clarendon Press, Oxford, 1931. 


causative factor 
and to chronic 
other 


exclusively human 
syphilis and tobacco, 
flammation of the tongue 
from which the animal is prac 
tically exempt. 
(white patches) of the mouth, which may 


from 
causes 
For instance, leucoplakia 
be briefly described as a thickening 
the 
chronic 


eallous formation of lining of the 
mouth as a 


and which is found to be a precursor of 


result of irritation, 
cancer in man, has never (so far as we 
know) been reported to occur in animals 

It is interesting to speculate as to the 
reasons for and the causes of the greater 
relative frequency of cancer of the jaws 
in animals. Dental defects 
those of middle or old age in the 


similar to 
human 
in animals and 


being are not common 


obviously play only a minor role. It 
might be possible that the more natural 
dietary habits of animals tend to spare 
the teeth but to produce chronic injuries 
to the soft tissues around the jaws, while 
the The high 
incidence of tumors of the jaw in animals 


reverse is true in man. 
may also be due, in part, to the frequen 

of adamantinoma(3 of 12 jaw cases in our 
series). This tumor arises from the same 
tissues which develop into the tooth struc 
ture in the embryo and not, so far as 
we know, as the result of form of 


It is 


any 
chronic irritation. very rare in 
man. 

Cancer of the tonsil and of the floor 
of the mouth, two fairly common sites 
of origin in the human being, occur in 
only slightly lower percentages in ani- 
mals. 

HISTOLOGY 
histologic 
Dr. 
Me 


these 


We able to obtain 
slides in 20 of our collected cases 
Fred Stewart, pathologist at the 
morial Hospital, examined 

slides, states that the tumors are in no 


were 


who 


way distinguishable under the microscope 
from human He diagnosed as 
squamous cell carcinoma 
tongue tumors, 
fourth in a horse. 


cancer. 
four -cases of 
dogs and 


three in 
Adamantinoma oc- 
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curred in three of twelve cases of cancer 
of the jaw (2 dogs and 1 horse). Among 
the other slides in our collected group 
Stewart found adenocarcinoma (2 cases 
in the jaws of horses), epidermoid car- 
cinoma (2 cases in the jaws of dogs, one 
in the jaw of a horse), melanoma (2 cases 
in the jaws and 1 in the soft palate of 
dogs), squamous carcinoma (1 in the 
jaw, 1 in the soft palate, and 1 in the 
tonsil of dogs), epithelioma (1 case in the 
roof of the mouth of a dog), and myxosar- 
coma (1 case in the jaw of a dog). 


AcE INCIDENCE 

In animals, the age incidence of intra- 
oral cancer as well as of other anatomic 
forms of this disease follows the same 
general trend as in the human species. 
Malignant tumors of any anatomic 
variety rarely occur in the young. In 
our collected group of animals with can- 
cer of the mouth, all were adult and 
many were definitely classed as aged. 

Some idea of the general age incidence 
of cancer in animals may be obtained 
by reference to the report of Cohrs.? In 
autopsies on 592 dogs below ten years of 
age, he found ten cases of carcinoma, 
eight of sarcoma and one of multiple 
tumors—a cancer incidence of 3 per cent. 
In autopsies on 145 dogs over ten years 
of age, he found ten cases of carcinoma, 
two of sarcoma and twenty-five of multi- 
ple tumors—a cancer incidence of 25 per 
eent. Cramer*® has pointed out that in 
certain sections there may at times ap- 
pear to be an epidemic outbreak of cancer 
in animals, which on closer analysis could 
be explained by the fact that an excep- 
tionally large proportion of aged beasts 
had come under observation. 


Species INCIDENCE 


It is evident that the apparent or re- 
ported frequency of cancer in animals 
is influenced by many factors; for exam- 

2P. Cohrs, Cancer Review, 2: 197, 1927. 

3'W. Cramer, Cancer Review, 7: 16, 1932. 


ple, the relative numbers or the po; 
tion of the different species and 
life expectancy under varying wild ; 
domestic conditions. Perhaps more 
portant than either of these is th 
gree to which any given species is ; 
ciated with man, since the discov: 
cancer in animals requires a ce! 
amount of attention which only don 
or captive animals receive. 

It is to be expected, therefore, that t 
majority of reported cases would 
found among those kinds which are n 
numerous or which, for either pract 
or sentimental reasons, are consider 
most valuable to man; namely, the « 
the horse, the cat and the cow. Fr 
the standpoint of a fairly complete } 
mortem examination, the reported 
cidence in slaughtered animals w 
probably be high except for the fact t! 
most of them are killed before they rea 
the cancer age. Trotter* reported 
although he found 21 cases of cancer 
an unstated number of slaughtered aged 
cows, there were no new growths in 5,300 
slaughtered sheep from 6 to 12 months. 


age. 

Using the cat and dog as examples 
Dobberstein® stated that among domest 
animals the carnivorous are more s 
ceptible to cancer than the herbivorous 
However, the high incidence of intraora 
cancer in the carnivorous cat and dog 
may be due mainly to the fact that th: 
are permitted to live to advanced ages 
while the herbivorous cow and sheep are 
likely to be slaughtered for food bet 
they reach the age at which can 
usually develops. That old age is pr 
ably a greater factor than a carnivorous 
diet is suggested by the fact that th 
herbivorous horse, which continues to b« 
useful as a beast of burden until old ag 
is more frequently reported as having 
eancer than any other animal (Table I! 


4A. M. Trotter, Jour. Comp. Path. 
Therap., 24: 1, 1911. 

5 J. Dobberstein, Berliner tierdrztliche Wocl 
No. 7, p. 100. 
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DISTRIBUTION OF 


TABLE Il 
Species INCIDENCE OF CANCER IN ANIMALS 


Upper respir 


atory and Oral cavity 


Animal alimentary alone 
tract* 
BIOTSO ccccecs 85 5) 
DOR ccccceces 43 5 
CRE cosceses 8 8 
Pe aseeouee 5 3 
PRORE cccccce 3 3 
Antelope ..... 2 2 
MORE ccccccss 2 1 
SHOOM ..ccces 1 1 
Pe ececeeewe 1 1 
Pn seasbeces 1 1 
nT aédeeeces 1 1 
CEE ccceose 1 0 
Caracal ...... 1 0 
GC cccccce l 0 
Raccoon ..... 1 0 
Civet cat 1 0 
Total 157 89 


* Mouth and nasal cavities 


In the mouth itself, about an equal 
percentage of cases occurs in the horse 
and in the dog. The cat seems to be 
particularly susceptible to cancer of the 
tongue (6 out of 8 cases, or 75 per cent. 
of the reported cases of intraoral cancer 
in the cat), in contrast to only about 10 
per cent. of lingual cancer in dogs and 
4 per cent. in horses. The feline habit 
(more prominent than in other animals) 
of preening the fur by licking suggests 
itself as a possible explanation of this 
special susceptibility to tongue cancer. 
In answer to our inquiry, Dr. C. R. 
Schroeder, of the New York Zoological 
Society, states that there are many wild 
animals of the feline family who have 
the same habitual tendency in this re- 
gard, but it is to be noted that no tongue 
eancers have reported in any 
feline except the house cat. 

The true incidence of cancer in wild 
animals is, of course, impossible to de- 
termine, but on rather scanty available 
evidence the reported frequency as com- 
pared to domestic animals is low and 
lends support to the theory that age 
plays an important role in the develop- 
ment. It is obvious that household pets 
under normal conditions enjoy unusual 
longevity. By comparison, the lives of 
wild animals are short. It is a well- 


been 
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known fact that they usually die violent 
deaths as soon as their physical powers 
decline, so that they can no longer de 
fend 


predatory enemies nor compete with the 
and m 


themselves against their natural 


ore robust 


younger 


= i 


their own species in the struggle for sus 


tenance. Even without more definite 


proof, would be justified 


cluding that in general they do not live 


one 


long enough to reach the 


Moreover, even if cancer did exist, there 


Cancer age 


would rarely be an opportunity to de 
termine and record its presence, whe 
due to 
It is only in 


death is natural or to vi 


causes. zoos that animals 


of the wild Species are observed closely 


enough for the accurate recording of 
the occurrence of cancer. Even in these 
animals the incidence is probably in 


creased by the change in environment 
and the extended life expectancy. 

It is interesting to speculate whether 
a seemingly high incidence of intraoral 
cancer in domestic as compared to wild 
animals might indicate that new causa- 
tive factors have been introduced by an 
artificial or unnatural mode of life. Cer 
tainly such animals as cats and dogs un 
der follow 
the same dietary habits as their related 


domestic conditions do not 


wild species, nor are they subjected to 
the 
other respects. 


environmental influences in 
Such a theory 


who 


same 
has also 
been advanced by Brooks,' was of 
the opinion that cancer was extremely 
rare in wild animals living in their native 


state and that abnormal living condi 


; 


ons 
undoubtedly increased the incidence of 
the 


This is interesting as a cor 


new growths in common domestic 


animals. 
lary to the view held by many investi 


gators that cancer in man is a ‘‘disease 
of civilization.’’ 
Compared to the change in man’s en 


vironment from his former primitive to 
his present civilized condition, the ani 

6 H. Brooks, Proc. Ve 8 
3: 39, 1906. 


Soc. Exper. Biol. and 
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mal’s transition from the wild to the cap- 
tive or domestic state can hardly play a 
major role in the development of cancer. 
No matter how domesticated an animal 
becomes, nor how much his new environ- 
ment differs from that of his wild life, he 
is still almost entirely free from certain 
highly significant cancer-producing in- 
fluences to which man is subject. For 
instance, from the standpoint of intra- 
oral cancer, the animal is not exposed 
to any extraneous irritant similar to 
tobacco or to alcohol. Furthermore, even 
under the most artificial conditions the 
animal’s food is usually bland and 
neither hot nor otherwise irritating, since 
the average beast would instinctively re- 
fuse food which did not conform to its 
natural diet in these particulars. More- 
over, the animal is not subject to any 
disease competent to produce precancer- 
ous changes in the tongue, like chronic 
syphilitic glossitis in man. A disease 
ealled daurine, or horse syphilis, is re- 
ported to be common in Africa, but so 
far as we can learn there is no associated 
chronic inflammation which might be a 
precursor of tongue cancer. 

In certain respects, the incidence of 
cancer in animals may closely resemble 
that in primitive races. It has been fre- 
quently noted that in primitive peoples 
both the incidence of and the death rate 
from cancer is low. Hoffman’ reports 
that among the Maoris of New Zealand 
the death rate from cancer is only 33.7 
as against 112.0 per 100,000 in the United 


7F. L. Hoffman, Acta Cancrologica, 1: 279, 
1935. 


States (1937). Lee and others® h; 
reported on the rare occurrence of can 
among American Indians. 
these peoples to civilized races, this dis 
crepancy might be due not only to a n 
primitive and therefore more natural ey 
vironment, but also to a known short: 
life expectancy. 


Compari! 


CONCLUSIONS 

The incidence of cancer of the mout 
and throat in animals, although imp 
sible of exact determination, is undoubt 
edly low as compared to that in m: 
Such a relatively low frequency may 
due to a more natural mode of life ay 
indicate that intraoral cancer in 1 
is mainly due to causative factors w! 
have been introduced by civilization a: 
to which animals are not subject. It is 
only with advancing civilization and 
increasing intelligence that the enviro: 
ment of any living thing departs very 
from the wild or savage state. Consid 
ered in this light, no matter how mod 
fied the animal’s mode of life becomes, 
ean never be changed to the same extent 
that modern civilization has altered th 
environment of primitive man, from t! 
standpoint of cancer development. It is 
probable that an extension of the norn 
span of life is the one important con 
tributing factor to an increased incidenc 
of spontaneous cancer in domesticated 
animals, and that this incidence would be 
higher if these animals were all per 
mitted to live to an age comparable 
the average life of man. 


8B. J. Lee, Surg., Gynec. and Obst., 50: 196, 


1930. 
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LOOKING FOR AN HONEST MAN 


By Professor A. A. LEWIS 


DENISON UNIVERSITY 


DIOGENES is back again with his lan- 
tern. But this time the lantern looks 
too much like a laboratory to be regarded 
as a trick of burlesque employed to incite 
an insurrection against dishonesty. The 
new Diogenes is acting on the assumption 
that humanity is, finally, in the mood for 
a G-Man diagnosis and he is, therefore, 
coming on the scene with a iantern that 
will actually pierce the surface of out- 
ward demeanor, however pharisaical, 
and show a man up for what he is. De- 
ceit is to be revealed, as it were, in terms 
of candle-power notches. 

It is not a false assumption that man- 
kind has begun to worry about its be- 
havior and is, accordingly, quite ready 
for this follow-up appearance of Dioge- 
nes. We are to-day, from the least so- 
phisticated to the most, very ready to 
accept the implication that honesty can 
be so scarce and be so cleverly counter- 
feited that more than ordinary daylight 
is required to discover it or penetrate a 
substitute pretension. We have come 
to believe that a mission in search of an 
honest man is an important one, as im- 
portant even as a mission in search of an 
intelligent one. Our intellectual vanity 
has been forced to concede that there are 
other personality traits besides intellect 
which make a difference, and among 
them is moral caliber. 

It has been a long time since Diogenes 
conducted his one-man parade along the 
streets of Athens in protest against the 
failure to stress the keystone significance 
of character in human behavior. Taken 
to heart by contemporaries and succes- 
sors, the old non-conformist’s broad hint 
should have brought about consider- 


c 


able reformation during the intervening 
A geologic period 


stretch of centuries. 
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in which to mend its ways, and yet hu- 
man conduct continues about as badly 


rent as ever. Little more has been done 
than to win a theoretical acceptance of 


] 
ie 


the great value of moral integrity : nob 
ideas, apparently, for 
And reference to unc 
not limited 


the unscrupulous 


compensating 
ignoble living. 
verted human 
professional offenders : 


nn 


TO 


action 1S 
swindlers who give fine bargains in bogus 
stocks and the wily criminals, of a thou- 
sand specialties, who dupe their victims 
The 


law-abiding 


with unprecedented finesse. ordi- 
nary man, the 
thought to be well above board in his 
public and private actions, is not too 
He 
may not be a professional, but in a pinch 
he can play the game pretty well as an 
amateur. Certainly that 
above the honesty-average who does not 


e1tizen 


good to resort to fraud on oceasion. 


man is_ well 
consider it an advantage, frequently, to 
hide behind a screen of deceit and would 
not, if he had to step out and reveal the 
facts, feel like a nudist 
blemishes. Among these offenders against 
honesty is the common gossip, 


a nudist with 
whose 
name is legion, the rumor-monger who 
may go so far as to aid in a whispering 
campaign to defame, the radio huckster 
whose blatant exaggeration has only the 
sky as the limit, the money grabber who 
signs his famous name to an unqualified 
indorsement of cigarettes he has never 
smoked, and last but not least, the politi- 
cal chameleon whose principle changes 
eolor with every shift in 
expediency. 

It is not to be assumed that in all the 
generations since Diogenes no attempt 
has been made to solve our moral prob- 
lems. It is true only that the solutions 
have stopped with kings’ charters giving 


vote-getting 
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claim to remote regions; have stopped 
with vague theory and cloistral specula- 
tion. So that the remark, ‘‘What per- 
sonality is everybody knows but nobody 
will tell,’’ is practically as true of charac- 
ter as it is of personality. Through all 
these long centuries the thing needed to 
make the theorizing about morals more 
than mere speculative pastime has been 
a survey of actual behavior. But it is 
just recently that students in this field 
have come to realize—certainly to show 
by their actions—that nothing short of 
a measuring scale for morality is going 
to bring ethical theory out of the clouds 
and answer such practical questions as: 
How far is it possible to teach morals? 
Or, What schemes now existing or to be 
proposed for producing the ‘‘cardinal 
virtues’’ are to be preferred? And those 
questions about the effect of the environ- 
ment, or other concomitant factors, 
namely: What effect, for example, does 
*‘company kept’’ have on one’s conduct, 
or does health or mental level? 

Looking for an honest man—a quest 
which on account of the rarity of spon- 
taneous specimens will, of course, turn 
out to be mainly a question of figuring 
how to produce one—has, then, come to 
be recognized as a venture which needs 
the cooperative labor of the objective 
investigator. Further, with respect to 
the steps in the search, it is clear that the 
first worry will have to be, not the dis- 
covery (or production) of an honest man, 
though that is the end-goal, but the dis- 
covery of an improved lantern. Rays 
must be found which will penetrate 
deeper into the darkness, whether it is 
a matter of finding guilt after an offense 
has been committed or of finding guilt 
ahead of time in terms of degree of moral 
liability or, inversely, in terms of amount 
of capacity to go straight in the face of 
temptation. Finding the offender is apt 
to be too much like making an inference 
that the child with a jelly ring around 
his mouth is guilty of robbing the pan- 
try, though while he was innocently 
napping the ring may have been trans- 





ferred there, so to speak, from th: 
of the actual culprit. And only th 
still claims that the lines of the pal: 
cut of the countenance, the contour 
cranium and the revelations of the 
scope give a trustworthy tip on fut 
conduct. A technique is needed 
will locate guilt and establish an index 
moral dependability with less beat 
around the bush by circumstantial! 
dence and with none of the discredit 
fortune teller’s art. What prom 
there that our patient and inge: 
modern Diogenes, with his d 
measuring inventiveness, is going 
subject guesswork and trickery to m 
of a purge? 

The ambition to apply the yardst 
to morals was given its initial boom 
the so-called ‘‘lie detectors’’—the y 
association trap which the victim s: 
by his own response to verbal bait 
the laboratory instruments for secur 
telltale breathing curves, blood press 
records and galvanic-reflex readings 
The operation of the first of these ‘' 
detectors’’ is illustrated by the city y 
who a few years ago arrived in Tor 
Canada, claiming to be a half-civiliz 
bush boy who had been robbed of furs 
on the northern border, and then prick: 
the bubble of his clever romancing by) 
replying with ‘‘Dempsey’’ to the w 
**fighter,’’ suddenly shot at him, 
with ‘‘first’’ to the word ‘‘safety,”’ : 
by taking a longer time to reply to 
criminating than to neutral words wh 
he tried to hedge. The operation of t 
other detectors—if they had been used 
this instance—is easy to picture : the rub- 
ber girdle about the boy’s chest, the 
pneumatic sleeve wrapped around his 
arm, and the electrodes of the galvanom- 
eter in contact with his skin—all count 
ing as so many additional triggers to set 
off the trap. 

For the most part these ‘‘mind read- 
ing’’ devices have been employed for 
demonstration purposes in the psycholog 
ical laboratory, where they have been 
kept (or returned) for further study and 
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In the early days when 
the word response was the only trigger 
the trap had, few people rated its relia- 
bility very high and hardly anybody 
besides Hugo Miinsterberg took stock in 
the opinion that this new-fangled method 
of snaring the evil-doer should be sub- 


improvement. 


stituted for that crude and inhuman 
method of ‘‘ working on’’ suspected crim- 
inals, known as the ‘‘third degree.’’ But 
with the multiplication and betterment 
of these psychological devices and their 
use in combination, the faith of the few 
has spread, and it is becoming not un- 
usual to read in newspaper and magazine 
that the ‘‘lie detectors’’ have been given 
again—given upon invitation and for 
practical reasons, let it be added, and 
not under sufferance to please the whim 
of some insistent experimenter. 

3ut it is well that popular favor has 
given its patronage to the ‘‘lie detectors’’ 
an inch at a time. These detective in- 
struments, like an x-ray machine, may 
turn culprit or criminal inside out, as by 
zigzagging curves and dial readings his 
deeper bodily changes are made visible, 
but it still remains to interpret the pic- 
ture. The suspect’s guilt or innocence is 
not spelled out in unmistakable letters. 
The fact that these deeper, organic reac- 
tions are involuntary and can’t be made 
to belie culpability like a face ‘‘kept 





straight,’’ does not guarantee that they 
ean be subject to no other source of 
causation except actual misconduct. 


How much more simple the laboratory 
detective’s assignment would be if only, 
as the Hindus thought, a person moved 
his big toe every time he lied, and still 
more assuringly than the Hindu legend 
mentions, moved it at that time and no 
other! But the symptomatic correlate of 
deceit has not turned out to be so easily 
recognizable or so unambiguous in its 
significance, and the locating of guilt, 
even where the offense is large, is requir- 
ing all the resource that scientific 


specialization can command. 
It is not claimed, even by the psycho- 
logical sleuths, themselves, that this new 
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technique makes the detective’s art infal 
lible. When asked to give the ‘‘lie detec 
tor’’ mur 
der, of kidnapping, of embezzlement, of 


test to a person suspected 


fraternity thieving, of having injured a 
pedestrian or any of a thousand major 
or minor offenses, our humane inquisitors 
feel unhesitatingly certain of their find 
But 


this dependence on confession for 100 per 


ings only where confession follows 


cent. reliability is not to be taken as an 
admission of zero futility where confes 


sion does not follow. Psyel ological 
sleuthing is not purely a matter of rw 
ning a bluff. 

The fact that ‘‘70 per 
offenders confess’’ when put through the 
test ordeal would indicate that the guilty 
individual is routed out of almost his last 
hiding place. Certainly as 
with the medieval ordeal of 
swallow rice flour, the modern stratagem 
improvement. Though 


what is sought is still a telltale fear reac- 


eent. of the 


compared 
having to 
is an enormous 
tion, the dryness of the mouth, as indi 
eated by the state of the chewed rice or 
the ability of the suspect to swallow the 
morsel without choking, did not give as 
trustworthy a clew as does the fear- 
eaused moisture of the skin as indicated 
by the easily deflected needle of the gal- 
vanometer ; and this advantage in trust- 
worthiness is more than tripled when 
circulatory and breathing changes are 
added. The gain in dependability comes 
not only from more accurate ways of 
measuring but 
also from more artful ways of keeping 


incriminating responses 
accused innocence from making such re- 
sponses, at least from making them with 
anything but negligible infrequency. If 
a ‘‘dry mouth’’ is about as apt to convict 
the guiltless as the guilty, then the same 
might be expected to be true of a moist 
skin, for the salivary glands and the 
sweat glands are about equally beyond 
the control of the individual under sus 
picion and about equally sensitive to 
emotional excitation. There is something 
to be said for a trap which is so delicately 
poised that it will be sprung by the cool- 
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est criminal, but only if it can’t be 
sprung by the excited innocent. In 
order to escape such a fiasco of justice, 
our modern Sherlock Holmes has at- 
tempted, therefore, to keep the guiltless 
from knowing when excitement will mean 
guilt and to make enough ‘‘inside’”’ refer- 
ences to the crime to allow two or three 
doubtful responses on the part of the 
falsely accused to pass as accidental. 
The stimulus words with which the sus- 
pect is confronted are selected with a 
painstaking ambition to make sure that 
sprinkled among ‘‘non-crucial’’ words 
there will be ‘‘crucial’’ words, the kind 
that only the actual perpetrator will con- 
sciously connect with the crime or misde- 
meanor. The word ‘‘shovel,’’ for exam- 
ple, used as a ‘‘erucial’’ word to catch 
the slayer of a dog, is no part of a trap 
to any one except the person who took 
the animal’s life by means of such a 
weapon, unless publicity has already 
made such knowledge common property, 
and this would hardly be true of the 
majority of the trigger words. Only for 
him does the word ‘‘shovel’’ disturbingly 
suggest the immediately-tabooed response 
**dog,’’ and excite questionable skin re- 
flexes (and breathing and blood-pressure 
changes). That is to say, a trap that is 
tremulously sensitive to fear is set only 
for the fellow who knows too much of 
what went on behind the scenes, and the 
guarantee that the jaws have clamped on 
a law-breaker is in direct proportion to 
the amount of disagreement between the 
responses to incriminating words and the 
responses to neutral words. 

Likely, enough has been said to show 
that the ‘‘lie detecting’’ strategy is com- 
petent to afford some help in the quest 
for an honest man. Old Diogenes would 
have swapped his lantern for such an 
improved technique and would have 
gloated over an opportunity to try it out 
on some of those popular ringleaders 
whose deception stirred his cynicism. 
But if he had wanted to use the ‘‘lie 
detectors’’ to prevent crookedness rather 
than to catch the crooks, he would have 


found their utility limited in two disap 
pointing ways. For one thing, they are 
not as competent to discover the no) 
delinquent, or pre-delinquent, child, as 
they are to discover the delinquent 
youth, or criminal adult. And for ap. 
other thing, they have only a snail’s 
competence for accumulating data on a 
large sampling of individuals. Only 
searchlights which can be turned on a 
group of individuals, all at once, 
supply the abundance of data needed 
eatch a thief, a liar or a cheater, ahea 
of time; make it possible, that is, to ki 

to what degree a group (or less certain]; 
an individual) is potentially dishonest 
But the ‘“‘lie detector’’ method is not 
alone in the search for an honest mar 
Two other methods, the biographical a 
the statistical, have joined in the hunt 
and are attempting to provide the re- 
sources needed to discover the wayward 
while dishonesty is at a minimum 
honesty at a maximum and while it is 
possible to start the wayward one on t! 
right track without having to back him 
up so far. 

The biographical method of looking 
for an honest man, reckoned from th 
time it got its name (especially if o: 
designates it by the name, ‘‘biometr 
eal’’), is a relatively young sort 
strategy. It has been only a few decades 
since we began reading about the ‘‘juv: 
nile court,’’ the ‘‘visiting teacher,’ 
‘‘family case-work’’ and the ‘‘chil 
elinic.’’ But in terms of its essential 
nature, the method dates back to the first 
attempt to handle a troublesome child by 
getting better acquainted with him and 
not by ‘‘beating’’ him. 

The short-cut of the laboratory magi- 
cian with his lie-detecting set-up (his 
polygraph which registers its several 
findings simultaneously) is at the other 
pole from the procedure which charac- 
terizes the biographical technique. The 
tactic here is that of the clearing house 
to which a group of banks with over- 
lapping obligations send their accumu- 
lated checks for comparison to find out 
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what the actual disparities are; only in 
this ease the checks are diagnostic items 
which range from the pick-up of casual 
observation to the data which is obtained 
under strictest control. In order to dis- 
cover and clear up any ‘‘trouble spots”’ 
where character fails to balance, all sorts 
of diagnostic ingenuities are laid in com- 
mand, not excepting the ‘‘lie detectors.’’ 
Actuated by the stimulus of a reclama- 
tory goal, which alone can prevent the 
assembling of facts from becoming a 
Dead Sea of routine, the field investi- 
gator, the psychologist, the physician, the 
educational expert and the juvenile court 
judge may all combine to play the role 
of ‘‘Good Samaritan’’ to the neglected 
youngster who has been beaten by cruel 
circumstance and left maladjusted by the 
wayside ; and no effort is spared to learn 
what such a child needs to have done for 
him so that he may be cured of his in- 
juries, and through follow-up oversight 
stay cured. In gathering information for 
treatment and guidance, many a stone of 
personal and familial history is turned; 
sometimes the investigative ramifications 
are so varied and exhaustive as to be 
amazing. It is reducing the account of 
one of these elaborate samples from 
ninety pages to nine lines to say that 
practically everybody was interviewed, 
every written item which might contain 
a bit of pertinent fact scrutinized, and 
every resource of science called on for 
aid. What the parents and other rela- 
tives—even neighbors—could contribute 
was tactfully elicited; school records, 
including teachers’ opinions, and health 
records, both mental and physical, and 
for parents and grandparents and other 
near relatives as well as for the child, 
himself, were conscientiously sought; 
and numerous blanks were filled with the 
data obtained by physical, psychological 
and psychiatrical examinations. And, of 
course, a clinical inventory could not be 
considered exhaustive unless it included 
the youngster’s autobiography, the inside 
facts, usually gained through friendly 
and informal conversation, but sometimes 


sc 
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supplemented by the more formal maneu- 
vering of the psychoanaly st. 

Imagine some distinguished personage 
submitting to a biographical overhauling 
so revealing authentic! 
De Quincey—two in a 
million—would permit so much truth to 
be brought to light. 
an unrestricted inventory is rare even in 
a clinical biography ; 


and Only a 


Rousseau or a 
Needless to say, such 


though this is not 
because the loss of reputation is greatly 
at stake. 

trast to a 


A clinical diagnosis, in con- 
*‘debunking’’ biography, is 
kept as private as possible and not adver 
tised to the four winds. The expense is 
the rub; it is too great for charity to 
carry, and the general public is not yet 
willing to bear the burden through social 
security taxation. Yet, 
quent this elaborate case study, it serves 
to show how far biographical lantern 
bearing is competent to throw light on 
the classification of children according to 
character, and to acquire, thereby, the 
wisdom necessary to guide in the rebuild 
ing of weak places. 

It is unquestionably true that, by act 
ing on the proposition which holds the 
restoration of the offender to be more 
important than the figuring out of a 
penalty commensurate with the offense, 
the biographical method has been able, 
through reducing dishonesty, to supple 
ment the purely negative ‘‘lie detecting’’ 
method of looking for an honest man 
But still there is room, after the labora 
tory detectives and the 
raphers have done their utmost, for some 
Diogenes to be skeptical about our being 


however infre 


clinieal biog- 


able either to find or produce an honest 
man. The detective machinery can, at 
best, do little more than make the gross 
distinction—guilty or not guilty ; and the 
biographical 
ean do little more than make gross quali- 
tative contradistinctions, than classify a 
particular problem youngster as a first- 
time offender or a repeater, or ‘as a nor- 
mal delinquent or a 
psychopathic Furthermore, 
artifice—especially the first—is open to 


cross-checking procedure 


constitutionally 


one, each 








the criticism of having arrived after the 
thieving (lying or cheating), in such 
amounts as to shock society, has already 
occurred ; and it follows, of course, that 
each artifice has the limitation of not 
being able to check with any nicety on 
how much progress is being made—or 
can be made—through any reclamatory 
program. 

But it would seem that in this matter 
of finding an honest man, invention is not 
going to stop short of a thoroughgoing 
attempt at discovery ; for a third method, 
the statistical, has joined in the search 
and is undertaking, specifically, to re- 
move those last doubts of skepticism. 
This method, which aims to get data on 
more and more individuals (mainly 
school children) and keep it up until the 
data are inclusive enough to make pos- 
sible the discovery of authentic measur- 
ing devices, is, just now, in the thick of 
a struggle against the necessity of treat- 
ing honesty merely as a qualitative fact 
(as hedonistic ethics through long cen- 
turies has had to treat happiness and 
pain and continually fail to obtain their 
algebraic sum). It would reduce trust- 
worthiness (or untrustworthiness) to 
quantitative units, and do it with a 
measuring scale whose subdivisions are 
sufficiently small to give a reading on 
delinquency while still in the pre-delin- 
quency stage; to furnish a criterion for 
reckoning with some exactness, and 
ahead of time, the amount of moral vul- 
nerability (or resistance to temptation) ; 
and to appraise with practical depend- 
ability both the relative merit of different 
character-education schemes and the 
comparative potency of such concomitant 
factors as intelligence, physical vitality, 
cultural background, school achievement, 
company kept, home conditions, and so 
forth. 

To provide for the measuring of ¢a- 
pricious character a scale of such instru- 
mental dependability and wide service- 
ableness is an accomplishment which only 
the future can guarantee. The fractional 
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results secured in the parallel task 
measuring intelligence, though suff 
to embolden with some confidence, 
not failed to teach prophecy to be m 
when it comes to the question of m 
ing something which is not only diff 
to define, but difficult to isolate—t 
out of the behavior tangle 
genious the technique employed. (0 
investigators of character are conf 
with the same question which has 
fronted the students of intellig 
namely : ‘‘How translate a vague 
gible into objectively computable 
duct, and by so doing bring it 
predictive control?’’ Which in thi 
means, ‘‘How prevent dynamic : 
from running wild in delinquene 
crime?’’ And the answer, 
**Do it by running the 
through a gauntlet of standardized sit 
tions, called tests, and then ecaleulat 
the score by means of statistical devices 
The requirement laid upon any measu: 
ing instrument that it have a base 
from which to make its quantitativ. 


J, 


howey 





aga 


indiv 


culations and that it have its subdividing 


notches identical throughout the instr 
ment’s range, are hard exactions for : 
**mental testing’’ scheme to satisfy, : 
character testing in its own way must 
pass through these fires. 

Locating a zero point for decepti 
analogous to doing the same thing 
handwriting, and in the instance of 
scale of penmanship specimens, the spe 
men which is just illegible takes the bas 
line position. A rather fuzzy line, 
better than none; and this double d 
ration holds for the base lines so 
figured out for the I 
used, cooperatively, to grade charact 


they too are in the rough, but they are 


a move in the direction of a precis 
that is better than saying, for examp 


that the zero for morals is the dividing 


line between being in and being out 
the penitentiary. It is safe to consi 


it an improvement upon the old dichot- 
omous classification which says that an 





various tests being 


iy 
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adult or a child can either be trusted 100 
per cent., or ean’t be trusted at all, and 
eonsigns all deception, of whatever de- 
gree, to the same diagnost ic black hole. 
Least elaborated are the statistical 
attempts to make a quantitative diagno- 
sis of stealing and lying. In the matter 
of theft, ‘‘eoins’’ have been substituted 
for the ‘‘pepper-filled cherries’’ of the 
old McGuffey Reader. The merchant, 
there told about, would have come nearer 
to finding an honest boy to serve as clerk, 
if he had placed money instead of cher- 
ries on the table in the waiting room. 
Money has the advantage of providing 
about the same degree of temptation to 
every prospective sucker. One youngster 
may crave some particular article more 
than another, indeed may not have the 
least craving for cherries; but a nickel is 
no particular article, it is five cents 
g worth of whatever is most dear to the 
? heart. 
r In the matter of lying, the dishonest 
are caught by an assortment of questions 
which relate to behavior standards and 
g tempt the interrogated to angelic preten- 
sions. ‘‘Do you always keep every secret 
that you promise to keep?’’ is one ques- 
tion. ‘‘Did you ever write your name 
in the books you use which belong to the 
school or library?’’ ‘‘Do you always 
S congratulate your opponents?’’ ‘‘Did 
you ever hurt or cause pain to a dog, cat 
or other animal?’’ ‘‘Did you ever blame 
another for something you had done 
when you knew all the time it was your 
fault?’’ ‘‘Did you ever take anything 
(even a pin or a button) that belonged 
to some one else?’’ These are other ques- 
tions; and there are still others, enough 
altogether to make any one but a ‘‘pious 
fraud’’ acknowledge some shortcoming. 
In the check-up on thieving or falsify- 
ing, the character-testing technique is 
close to the starting point in its develop- 
ment into a measuring scale. In the coin- 
tempting set-up the tempted individual 
either steals one, or more, of the coins, 
which he has an apparently safe oppor- 
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tunity to steal, or he does not. Having 


provided a lure and a promise of escap 
that closely duplicate life’s own realism, 
the tester needs only to look at the se 

beam, as it were, and take the readings 


in order to know whether the tempted 


one is guilty or not, and in order to have 
a basis for predicting future conduct—a 
past on which to base an index of (som 
trustworthiness. Also, in its relatively 
undeveloped strategy, cornering a { 


fier does not involve a great amount 
statistical juggling 

It will, therefore, be advantageous to 
shift our story before going deeper into 
the statistical technique, since it is in 
connection with cheating that the attem 
to find a borderline between honesty and 
dishonesty, and a dependable scale unit 
to measure distance from this line, has 
carried the maneuvering to greatest 
lengths. 

To find a zero point from which cheat 
ing can be calculated it has been nece 
sary to find the average score of a group 
of individuals in a standardized per 
formance and, then, to correct the middle 
score by making an allowance for legiti- 
mate fluctuations. The size of the cor- 
rection is the average of the ‘‘gains and 
losses’’ of the same participants in a 
second undertaking which, in difficulty, 
is a twin of the first. This procedure has 
the sanction of everyday observation. A 
group of golfers, for example, playing a 
standardized course to-day and a differ- 
ent, but equally difficult, course to- 
morrow, would hardly be accused of 
cheating if the average for the second set 
of scores differed somewhat from the 
average for the first set. Cheating can 
be counted only from the point where 
chance fluctuation ends. 

If when unsupervised, an individual’s 
score rises above the level of legitimate 
upward fluctuation from the corrected 
middle score, by so much is it made prob 
able that the score is too good to be trus 
And if this rise in fluctuation is as much 
as three sigmas above the honest-average 
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fluctuation of a large enough random 
selection of individuals to give a surface 
scatter of scores comparable to the side- 
view of an admiral’s hat, the probability 
that cheating has occurred is about 999 
in 1,000. This estimate is based on the 
fact that in a normal distribution of 
scores a scatter of six sigmas—three on 
either side of the central seore—wipes up 
99.73 per cent. of the cases and reduces 
the chance of occurrence for a deviate of 
3 sigmas to 1.17 in 1,000. From these 
figures it would appear that one would 
have to be a terrible sinner to be caught, 
but this is true only where the calculation 
is based on a one-test temptation. With 
a considerable number of tests all point- 
ing a finger at an offender much smaller 
single probabilities will convict. It 
would take a whale of a drop in a golf 
score to give ‘‘hanging certainty’’ of dis- 
honesty, but were there probability of 
cheating in business, in lodge affairs, etc., 
as well as in golf, much smaller amounts 
of probability would give highly reliable 
grounds for the assessment of guilt. 

We are not forgetting, of course, that 
dishonesty is not satisfactorily measured 
until its probability is caleulated with 
respect, not only to the past, but also to 
the future. It is important to know the 
degree of probability that an individual 
has committed an offense, but it is equally 
important to know what are the prob- 
abilities that he will repeat if he gets a 
chance, if he faces a similar temptation. 

The amount of certainty with respect 
to the eventualities connected with any 
particular individual is less, as is gen- 
erally known, than the amount of cer- 
tainty with respect to the group. A life 
insurance company can base its financial 
security on a group life-continuance 
probability which guarantees nothing 
about the longevity of any single member 
of the group. Very little trespassing by 
our golfers as a group, beyond the limit 
permitted by honest fluctuation, would 
suffice to guarantee not only that cheat- 
ing had been committed but that—with- 





out the intervention of some Billy § 
day—it would occur again under sin 

circumstances and in about the sa; 
amount. 

Character tests, competent to check 
the group as a whole, will make it possi! 
to calculate the comparative effectiv: 
of Scout participation and Sunday-s 
attendance, of instruction which p 
a moral and instruction which lets ) 
conduct speak for itself; to caleulat 
anti- and pro-moral influences of s 
and select communities, of broken 
intact homes, of bad and good co 
ions; and to caleulate—as intellig 
testing now does in its field—how 
certain types of future stresses are g 
to be withstood, to know ahead of 
the morality risk. But if the statist 
maneuvering is going to be competent 1 
measure with any such trustwort! 
the effects of training and circumsta) 
on the conduct of a particular mem! 
of the group, the tests used will hav: 
be greatly refined and multiplied: 
accomplishment which will requir 
‘vast amount of work’’ and an ab 
dance of inventive genius. 

In endeavoring to measure honest) 
school children (the investigator’s n 
accessible subjects) the procedure d 
eates to a striking degree the ear 
attempts to get a line on such a sim 
ability as spelling; and in the later e1 
deavor the object is, again, to know wh: 
and how much—if any—progress 
being made in school and to grade 
methods and devices in vogue, or p 
posed, for educative promise. It is in t! 
sealing of ability to be honest, just as 
has been in the sealing of ability to sp 
a question of finding hurdles that 
smallest number will provide a basis fo! 
rating: a question of collecting a list 
more and less difficult words from among 
those most frequently used, in the or 
ease; and of ‘‘collecting a list of situa 
tions in which deceptive behavior is mor: 
(and less) frequently practiced,’’ in th 
other. The tempting situations are realis- 
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tie samplings from school, home, play- 
ground and party: such temptations as 
are provided by an opportunity to go 
against instructions and get help on home 
work, to use a key not only for grading 
a standardized arithmetic test but for 
slipping in a few corrections, to add to 
a performance in a speed test by writing 
answers after time has been ealled, to 
reach the floor and give weak arms a little 
help in chinning the bar, and to peep 
when making the turns in a pencil maze 
or when pinning the tail on the donkey. 

There are around thirty such baiting 
situations, already contrived, and in con 
nection with each situation some one of 
a half-dozen different traps is set ; traps, 
ealled ‘‘techniques,’’ and of such camou- 
flaging merit, when ideally constructed, 
that they can be used again and again 
with the same children. The 
walks into the trap, is caught and is 
checked on for guilt without waking to 
the fact that his morals have been scien- 


deceiver 


tifically serutinized. The child who 
thinks he has improved his showing 


when he uses a key to doctor his per- 
formance on an achievement test is liv- 
ing in a fool’s paradise, because the 
“duplicating technique,’’ by paraffine 
impression or some similar method, has 
provided a double of the bona-fide an- 
And in like manner the ‘‘over- 
statement technique’’ works behind the 
scenes to trap the young pretender who 
sanctions inflated estimates of his accom- 
plishments by answering ‘‘Yes’’ to such 
**Did you receive 95 on 
your last examination?’’ ‘‘Did you chin 
the bar 20 times without stopping?”’ 
‘Did you do your homework without aid 
from any one?’’ Then there is the ‘‘im- 
probable achievement technique’’—to 
mention a third pitfall. It snares the 
unsuspecting by setting tasks that, under 
the rules to be followed in their execu- 
tion, are well beyond normal human 
capacity. It is this trap which catches 
the fakers who with eyes closed thread 


Swers. 


questions as: 


LOOKING FOR AN HONEST MAN 





l¢ 


d fficult 


mazes of such y as to belie the 


visual handicap; or in the five minutes 
allowed, perform the improbable feat of 
clearing a ‘‘ peg solitaire board,’’ checker- 


jumping fashion, of all but 
thirty-three pegs 


one or} ITs 


At present these baiting situations are 


too few and the trap-Setting too amateur 
ish to provide a very reliable seale for 
rrading honesty. But through the sta 


tistical study of character, 


going to provide our modern Diogenes 
with a third lantern of very pier a 
rays. And then equipped, not with one 
but three lanterns, his quest along tl 

streets of to day should not be doomed to 
complete disappointment. Not that he 
should expect to find a perfectly honest 
man—for sanctified citizens exist only in 
ideal realms; but such honesty as there 
is he might expect to find, mixed in eac} 
individual instance with more or less 
dishonesty. Through the instrumental- 


ity of the lie-detector lantern, he should 
be able to find those in whom the alloy 


of dishonesty exists in rather gross 


amounts; through the instrumentality of 
the biographical lantern, whose rays are 
partly of the ultra-violet sort, he should 
be able to bring the youthful delinquent 
into view before he has fallen 

clutches of the belated policeman or the 


and through the 


into the 


plain-clothes detective: 


instrumentality of the statistical lantern, 
whose brightness reveals dishonesty in 
smaller and smaller subdivisions, he 


should be increasingly able to guide edu 
eation in the more ideal task of preven 
ing dishonesty. 

In very wishful spirit, we hope that the 
multiplying successors of Diogenes will 
keep looking for that ‘‘honest man’’ and 
that their looking will lead to the discov- 
ery of a teach 
surely as arithmetic is taught, a way to 


way to morals just as 


1) ¢ 


stock this pestilential world so full of 


honest men that one can be.found for 


every office. 
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A WAY TO UTOPIA! 

Tuts almost encyclopedic volume by 
one of Great Britain’s able young scien- 
tists is on a subject of wide interest 
throughout both the democracies and the 
totalitarian countries to-day. Perhaps no 
one is better qualified than Bernal to 
write such a book, for he has a wide 
knowledge of science, the vigor and dar- 
ing—and also the hopefulness—of youth, 
a zealous interest in the subject and a 
clear and vigorous style. Yet in reading 
his censure and his praise we should re- 
member that his youth was darkened by 
the tragedies that fell on nearly every 
British family during the World War, 
his early manhood was disturbed by the 
severe readjustments that were necessary 
in the following decade, and during the 
past ten years he has seen almost world- 
wide economic dislocations and now the 
menace of a new war. We are affected 
by our environment, sometimes pro- 
foundly. 

The book consists of two parts, ‘‘ What 
Science Does’’ and ‘‘ What Science Could 
Do.’’ Of these two parts, the former is 
the more interesting and probably the 
more important, although the latter con- 
tains many penetrating suggestions, as 
well as some that enter on the fantastic 
—such, for example, as diverting ocean 
currents and developing interplanetary 
navigation to escape final destruction of 
the human race. 

In the introductory chapter we find, 
“The new methods of production which 
science has brought into being lead to 
unemployment and glut without serving 
to relieve the poverty and want which 
are as widespread in the world as ever 
before. At the same time, the weapons 
devised by the application of science 
have made warfare a far more immedi- 
ate and more terrible risk, and have di- 

1 The Social Function of Science. By J. D. 
Bernal. Illustrated. xvi+482 pp. $3.50. Mac- 
millan Company. 


minished almost to vanishing point 
personal security which was one o! 
chief triumphs of civilization. . . . \ 
financial chaos, voluntary destructi: 
which millions need, ge 
undernourishment, and the fear of 
other wars more terrible than anv | 
in history, are the pictures whic! 
be drawn to-day of the fruits of 
ence.’’ Even in the disturbed da 
the past decade such 
written only by one whose exper 
did not extend far back and who ig 
the starvations, the pestilences, the w 
the cruelties that have blackened n 
every page of history. This tenden 
the author to use in his comparis 
some undefined ideal instead of hist 
eal realities is characteristic of the « 
sading spirit. Yet many of his bar! 
shafts have reached legitimate target 
With excellent aim he shoots his arr 
at the weaknesses of the teaching of 


goods 


words could 


ence in both secondary schools and 
leges, at the defects of its uses in ind 
try and at the lack 
coordination of at indust 
competition, at monopoly and at n 
other things which are short of per! 
tion. These criticisms are not sil 
striking comments about imperfecti: 
but are thoughtful opinions, often s 
ported by evidence, on questions dese: 
ing eareful attention. 

In the chapter on ‘‘International S 
ence,’’ which contains a brief survey 
science throughout the world, the 
tude of the totalitarian countries tow 
science is very severely, and on the w! 
justly, dealt with. Indeed, Fascism : 
the Nazi form of it are unsparingly « 
demned both as basic theories and 
practice. He quotes Herr Dr. Stark’s : 
markable article in Nature and in ‘‘D 
schwarze Korps,’’ and numerous « 
cerpts from Chancellor Hitler’s ‘‘ M« 
Kampf.’’ There is no kind word f 


government, 


science, 


Germany or the Germans of to-day, al- 
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ugh the Germans are actually a great 
the not dis- 


eople who undoubtedly in 
wnt future will again join with all other 
peoples in promoting the science and 
vilization of the world 

After reading Bernal’s strictures on 
Fascist Italv and Nazi Germany, one is 
not prepared for his unvarving enthusi- 
the Soviet 
over again he speaks of the Soviets with 


asm for Union. Over and 
warm approval and without a word of 
eriticism. He exalts the words of Marx, 
Engels and Lenin respecting the organi- 
zation and use of science. On page 222 
we read: ‘‘For the last twenty years the 
prevailing social system has not been 
There existed in the 
world a country in which the basic 


method of production and social rela- 


universal. has 


tions have been quite different and con- 
sequently the relations of science to soci- 
ety have been so too. The Soviet Union 
differs from all previous civilizations in 
having been to a large extent thought 
out beforehand and in being man’s first 
conscious effort to mould the very frame- 
work of his own activities. The basis of 
these conceptions lay in the criticisms of 
developing capitalism which was carried 
out over the last hundred years by Marx, 
Engels, and Lenin.’’ These strong words 
about the Soviet 
thought out beforehand are partly con- 
tradicted by (p. 226): ‘‘The organiza- 
tion of Soviet Science is somewhat com- 


program having been 


plex and is by no means yet fixed. In 
the early 
were made, some of which have been re- 
tained and others dropped.”’ But this 
is about the only admission that the feet 
of the Soviets are partly of clay. 

The uncompromising partisanship of 
the book, emphasized and over 
again in many paragraphs, the 
reader an uneasiness that he would not 
otherwise have. The un- 
doubtedly a great people who are des- 
tined to contribute much to the progress 
of the world. But they have not yet 


stages many inprovisations 


over 


vives 


Russians are 


reached Utopia, even in science, as Pro- 
fessor Edwin G. Conklin learned when 
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he found that his book ‘Hered and 
Environment,’’ translated with his per 
mission bv a Russia nt Russ in 
1935, had certain paragraphs and even 
entire chapters omitted, without notice 
to the reader that thev had been ed 
because thev did not agree with Soviet 
ideology sSucl al occurrence takes 
much of the weight from Ben s boast 
of the number of scientific books that 
have been translated into Russia More 
recently there have been several occur 
rences that indicate that the science of 


heredity, as it has developed the 


influence of the 
with 


under 
Mendelian law, is not in 
The 
Genetics, 
Moscow 
last summer, was suddenly cancelled by 
the Soviet 
cently the 
one of the best 


the rulers of Russia 


favor 
International Congress on 

which was to have been held in 
authorities Still 
Professor Vai 


more re 
work of ilov, 
students of heredity in 
Europe, has been condemned and, ae 


**Mendelism 


Morganism have been denounced because 


cording to reports, and 
they do not accord with the principles 
of our Government 

Probably 


author falls into an attitude common to 


quite unconsciously. the 
the people of all totalitarian states and 
which appears to be becoming acceptable 
That attitude 
desirable to 


in this country is that an 


end which appears to be 
those in power justifies force to secure 
it. This idea lies back of all emphasis 
of the supreme importance in science of 
organization, cooperation, avoidance of 
waste, production purely for social pur 
poses and not for profit and similar high 
forth in 
said, I think it was not realized by 
author that 


in the near future only by 


pages As | 
the 


be attained 


ideals set many 
these ends can 
a political 
organization willing to employ force. In 
fact, he speaks often of the desirability 
But 
in science and other intellectual pursuits 
difficult to 


In matters pertaining to the 


of freedom in science 


uniformity 


would be more attain than 
uniformity 
As desirable as it might be 


doubt that 


Irom 
the 


bods - 


some points of view, I 
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author would seriously advocate in the 
interests of efficiency and economy the 
adoption of a uniform diet designed only 
to provide the necessary nourishment or 
should be 


that clothing or dwellings 


standardized for similar reasons. It 
would be easier to secure conformity in 
these things than in some of those he 
advocates The history of life on the 
earth, and of the advancement of civill- 
zation as well, proves the fact that prog- 
ress is gradually achieved by enormous 
diversity with many failures, as well as 
a few successes, and that uniformities 
lead to stagnation and often to extine- 
tion. There is no evidence that man has 
yet developed mentally to the point at 
which he can safely avoid diversity and 
abandon the methods of almost reckless 
experimentation. I am confident the 
the author would agree with these senti- 
ments, though many of the things he 
advocates seem to imply the opposite. 


F’. R. M. 
FOOD FROM THE WILD: 
For over thirty years Professor Meds- 


oifted 
nature study, has been eol- 


ger, a naturalist and inspiring 
teacher of 
lecting data on the wild plants of North 
America which yield food for man; and 
now that he has retired from active teach- 
ing, he has fortunately been able to pub- 
lish the results of his studies in the ex- 
cellent book before us. The work is di- 
vided into sections dealing successively 
with fruits, nuts, seeds and seedpods, 
salads, roots and tubers, beverage and 
flavoring plants, sugars and gums and 
mushrooms. Under each, the species are 
arranged in the order followed in stand- 
ard works on botany, the international 
system of nomenclature being followed. 
Under the individual species there are 
given full descriptions of the plant, data 
as to its geographic range and notes on 
the edible parts and how to use them, 
based in numerous instances on the au- 
py ©. P. 
$3.50. 


1 Edible Wild Plants. 
Illustrated. xv +323 pp. 
Company. 


Medsger. 
Maemillan 


thor’s own wide experiences. The t 
liberally interspersed with bits of p 
quotations from ‘early writers 
foods of the Indians and similar 
rial. At the end there are given 
tabulations of the species include 
ranged in four geographic catego 
northeastern, southern, midland 
Finally, 
dex nearly nineteen pages in lenet 
Many of the food plants inelude 


western. there is a gener; 


of course familiar to every one who 
them 


in the woods. but some of 


rarely if recognized as ec 


Skunk cabbage, when boiled thoroue 


ever 


with two or three changes of water. 
then seasoned, is recommended as hay 
pleasing taste. Common milkweed, y 
well cooked. is deseribed as much 
Chickweed, prop 
prepared, makes a splendid potherb. | 


spinach. **when 
have tasted its edible qualities, and 
recommend the plant.’’ 

That there are elements of danger 
eating some wild plants is clearly re: 
nized. The author points out that 
not desirable to eat many Canada 
berries at one time, and the seeds sh: 
He gives 


graphie description of the severe 


not be chewed nor swallowed. 


he suffered when, as a lad of eight 
ate all the May-apples he could. Lab: 
dor-tea he finds to make an agreeal 
beverage, but advises against drinking 
more than a cup at a time because 
its nareotice effects. 

Every one who camps out in the woods 
and who knows enough about botany 
identify the commoner plants will 
tainly wish to make use of this book 
aid him in supplementing a monotono 
diet of canned goods with native novelties 

Epear T. WHERR’ 


WHAT IS DOWN BELOW! 


TuHIs volume, one of the series on va! 
ous physical properties of the earth pub 

1 Internal Constitution of the Earth. Edit: 
by Beno Gutenberg. Illustrated. ix +413 } 
$5.00. MeGraw-Hill Book Company. 
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ed under the auspices of the National 


search Council, is not a light book for 
sual reading on 
contrary, it forth 
specialists, and with no attempt at 


during a vacation 


undertakes to set 


oiding technical terms, what has been 
arned about the constitution of the in- 
rior of the earth. 
omplex and presents serious difficulties 


The subject Is vers 
d uncertainties in conclusions, as is 
dicated in the preface: ‘‘ There remain 


ni those irreducible disagreements 


which are inevitable with reference to 
a subject that combines the results of so 
many divergent and highly active fields 
investigation. ”’ 
After an introductive chapter by the 
Harold Jeffrevs, of 


discusses the origin of the solar 


editor, Cambridge, 
England, 
system, forgetting, however, the twenty 
vears he held to the Laplacian theory 
after it had this 
country, and an equal interval in which 
the theory of Sir 
George Darwin of the origin of the moon 
the Nevertheless, he 


written an excellent summary of the sub- 


been abandoned in 


he elung to fission 


from earth. has 
ject assigned to him. 

Reginald A. Daly, of Harvard Univer- 
sity, follows with a chapter on the infer- 
ences that may be drawn from geology. 
Then L. H. Adams, director of the Geo- 
physical Laboratory of the Carnegie In- 
stitution of Washington, 
chapter on the elastic properties of the 
the The 


closely related subject of the relation of 


contributes a 


materials of earth’s erust. 
the earth’s crust to its interior is treated 
by H. 8S. Washington, also of the Geo- 
physical Laboratory. C. E. Van 
trand, of the U. S. Geological Survey, 
the 
the earth’s crust, followed by a chapter 


( rs- 


discusses observed temperatures in 
on the cooling of the earth and the tem- 
perature of the interior of the earth, by 
B. Gutenberg, and two additional chap- 
ters by the same author on the forces in 


the earth’s crust and on hypothesis re- 
specting the development of the earth’s 
erust. 

J. B. Macelwane, of St. Louis Univer- 
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sity, contributes a apter o1 : ~ 
respecting the te) r of the eart! 
earthquake waves, alter wil I I 
Tinues witli Ol IS ns Tron deep is 
earthquakes. The remaining chapters 

by the same author, with the exceptio if 
one on the densitv, gravity, press i 
ellipticity n the interior of the eart 
Walter D. Lambert, of the U. S. Coast 
and Geodetic Surve 


ACCENT ON ODDITY 


THREE centuries ago, reputab rs 
described fishes with monks’ heads, uni 
corns and tritons that played tricks on 
fishermen Those fictitious monsters have 
lost scientific standing, only to be re 
placed by an array of actual animals 


which seem almost as grotesque 


prising 


To these living ‘‘unbelievables’’ of the 
zoolog~ic world, Mr. Verrill has dedicated 
a series of books In these, the fifth and 
sixth volumes, he tells us about fishes that 
walk, beasts that lay eggs and a great 
variety of other creatures which violate, 
In one way or another, our ideas of what 
animals are and di 

They violate our ideas; that ts signif 
eant. Though Mr. Verrill labels them 
strange, or misfits, most of these animals 
belong TO ancient meages whiiel were 


established on earth ages before man be 


gan to decide what was queer and what 
was commonplace. It is we who marvel 
not they that are essentially marvelous; 


our amazement at their forms and ways 


is a measure of our unfamiliarity with 
the biologic world. In so far as Mr. Ver 
rill’s books reduce that unfamiliarity and 
contribute to understanding, they per- 
form a good service. If they merely 
intensify our willingness to marvel, they 


are likely to do harm 


1 Strange Fish and Their 8S e8 B \ 
Hyatt Verrill. Illustrated. xix Inge 
Their Stories. By A. Hyatt Ver 
Illustrated 235 pp. $2.50 eacl L. 4 
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rill, 


Page Company 
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PHYSICISTS WHO TOOK PART IN THE COSMIC RAY SYMPOSIUM 
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THE PROGRESS OF SCIENCE 


CHICAGO COSMIC RAY SYMPOSIUM 


Durtine the last week of June there was 
eld at the University of Chicago a no- 
able symposium on cosmic rays. A large 
yroportion of the active students of cos- 
throughout the 
These included : 


ic rays world were 
n attendance. Victor 
Hess, now of Fordham University, whose 
balloon experiments in Austria in 1912 
established the existence of the rays; Carl 
D. Anderson, of the California Institute 
of Technology, who discovered positive 
electrons among his cosmic rays and 
found evidence for the presence also of 
the new sub-atomic particle, the meson; 
Werner Heisenberg, of Leipzig, of quan- 
tum theory fame, who has done much in 
interpreting the action of cosmic rays; 
W. Bothe, from Heidelberg, and Bruno 
Rossi, from Padua, whose counter tube 
experiments have demonstrated the cor- 
puseular properties of the rays; and lead- 
ing representatives of other research 
groups from England, Holland, Canada, 
Mexico and the United States. 
In modern the 


mentals of physics, the study of cosmic 


research in funda- 
rays has occupied less attention than that 
of the structure of the nucleus of the 
atom or of the interpretation of spectral 
lines. Its students, however, believe that 
in cosmic rays we have the most effective 
tool for studying the 
atoms and how their nuclei are put to- 
gether. Just as when the study of x-ray 
spectra helped us to solve the problems 
of the electronic atmosphere of atoms, so, 
it is hoped, the study of cosmic ray proc- 


components of 


esses will clarify our understanding of 
radio-activity and other nuclear proc- 
esses, and lead to the next great advance 


beyond the quantum theory. It was per- 


haps this feeling of the great intrinsic 
importance of their investigations which 
accounted for the concentrated interest 
and attention on the part of the galaxy 





then 


of notable physicists during 


rour 


dav session 


Among the major findings reported 
may be mentioned conclusive evidence 
for the existence of mesons, new d ita 


with regard to their remarkable penetra- 
tion, evidence that they can be formed as 
rays in the atmosphere by the impact be 
tween energetic particles, and apparently 
also of their spontaneous disintegration 
Neu 


COSTHIC 


by a kind of radioactive process 
trons are much more abundant in 
rays than had previously been suspected, 
the 
neutrinos remain on the list of mere sus 


though less 1 neutrettos and 


lassive 


pects It now seems probable that the 


Incoming Cosmic Tavs CONSIST OI protons, 
and that these come from our own galaxy, 
with energies of from a billion to a mil 
lion billion electron volts 

It is noteworthy that the subject of 
how the cosmic ravs are produced, which 
was the center of attention a few vears 
ago, occupied no more than five minutes 
of the twenty-five hours of busy sessions 
of the symposium. Their origin remains 
a mystery. Of more immediate concern 
has been the problems of finding the com 
position of the rays as we observe them 
what the 


on the earth and of learning 


rays do as they pass through matter 
First to be identified among the cosmic 
rays in our atmosphere were electrons 
and photons. Pierre Auger of Paris re 
ported the remarkable observation that 
these particles frequently occur in widely 


spread showers, sometimes as far as a 


thousand feet apart, all appearing to 
originate from the same parent ray high 
in the atmosphere The energy of the 
original ray which gives rise to such a 


shower of photons and electrons must 


sometimes be greater than a million bil 
lion electron volts, far greater than any 
other known Dr. Serge 


t\ pe ot ray O 














PROFESSOR PIERRE AUGER 
OF THE UNIVERSITY OF PARIS, ASSISTING IN A 
COSMIC RAY BALLOON FLIGHT FROM STAGG FIELD, 


UNIVERSITY OF CHICAGO, ON THE FIRST DAY OF THE 
SYMPOSIUM. 


Korff, of the Bartol Founda- 
tion, deseribed a series of his high alti- 


Research 


tude balloon flights in which, associated 
with these photons and electrons, he 
found the existence of a large number 
of neutrons. For detecting the neutron 
rays he used the novel technique of fill- 
ing his counting tubes with a gas con- 
taining boron, which has the remarkable 
property of absorbing neutrons and be- 
radioactive. The detection of 
the neutrons is then made possible by 
observing the disintegration of the boron 
atoms. Korff observed that the rate of 
increase of neutrons is even more rapid 
with altitude than is the increase in the 
main body of cosmic rays. It appears 
possible that the neutrons result from 
the disintegration of the nuclei of nitro- 


coming 
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gen atoms when struck by the p: pred 
cosmic rays that come in from n 
the atmosphere. F. G 
Carl Anderson and Seth Nedder Mrs 
of the California Institute of Ty var 
ogy, reviewed their now classic « al 
ments, which show in a eloud e¢| hes 
between the poles of a powerful e pos! 
magnet the distinctive paths follow Her 
the various types of cosmic ray part the 
Positive and negative electrons tion 
made evident and new and more co sup] 
sive evidence was presented for tl] X coul 
istence of mesons. Robert Brode. « tron 
University of California, added t} amo 
sults of somewhat similar studies A d 
which he was able to count one by pro 
the ions along the paths of these va ; ner 
particles. W. Bothe, of the Kaiser W that 
helm Institute at Heidelberg, a eee 
nuc 


strong evidence of a similar type. | 
there had been any doubt of the re 

of the meson, none of the investigators 
present felt that the evidence could » 
be questioned. 

Volney Wilson, of the Universit 
Chicago, reported measurements of cos 
mie rays made in various undergro 
locations, down as far as 1,600 feet belo 
the ground, which revealed the exist: 
of the penetrating meson at least to a 
depth of 400 feet. On 
own new experiments at great depths, J 
Clay, of Amsterdam, suggested that b 
low 400 feet the predominate forn 
radiation may different type 
namely, neutrinos, whose existence has 
for 


the basis of his 


be of a 


several years been suspect 
Whether this view is correct remains t 
be answered by further experiments 
It has been more difficult to learn 
composition of the rays which come 
our atmosphere from outside beyond 
reach of our 
Because of the 
earth’s magnetic field 
of these incoming rays, it 
known for some time that they are el: 
trically charged and that this charge is 





laboratory instruments 


manner in which 
bends the pathis 


has be 

















predominately positive. The physicists 
from Bartol Research Foundation—W 
F. G. Swann, T. H. Johnson and Mr. and 
Mrs. C. D. Montgomery—brought for 
ward cogent experimental and theoreti 


al arguments favoring the view that 
these incoming rays are protons, the 
positive nuclei of hydrogen atoms. 
Heretofore most physicists have doubted 
the adequacy of protons as an explana- 
tion for cosmic ray effects because it was 
supposed that particles as heavy as these 
could not produce the photons and elec- 
trons that are found so abundantly 
among the cosmic rays at high altitudes 
A discussion of the mechanism of the 
production of mesons, however, by Wer- 
ner Heisenberg, of Leipzig, indicated 
that very probably protons should be 
more important in affecting atomic 
nuclei than should any of the lighter 
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tvpes of particles. On this view not 


the meson but photons, elect 
neutrons, as we would a Ie 
when a proton coming to the ati 
from the outside would make 


collision with an atomie nucleus 


Where the rays originate is a que 


whose answer 1S he neg sougtl | b a 


ot 


ported by A H Compton Tl IS 


investigators whose work was 





econeerned itself with an investivatiol 


the relative nrensitv of t} e oOsn 


in the northern and southern he 
spheres, a series OF measurements be 
made on board a ship ply Ine het wee 


Canada and Australia and Tasn 


I 


hia 


If the ravs came from bevond the Milky 


Way, because of the motion of the 
with the rotation of the Milky Way 
of these rays should be received <¢ 
front than on the back of the earth 


Cj 


irt} 
ore 
t} e 





BERNARD A. ECKHART HALL FOR PHYSICS, MATHEMATICS AND ASTRONOMY) 
WHERE THE COSMIC RAY SYMPOSIUM WAS HELD, AND WHICH, WITH RYERSON LABORATORY 


FOREGROUND), HOUSES MOST OF THE PHYSICS RESEARCH O} Ht NIVERSITY 
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front in this case is the northern hemi- 
sphere. The result of three years’ ob- 
servation was to indicate no difference 
between the rays received in the two 
hemispheres within a probable error of 
about one part in a thousand. Since an 
effect of about one part in two hundred 
was anticipated due to the earth’s mo- 
tion, this seems to mean that the rays 
share the rotation of the Milky Way and, 
hence, are presumably a part of our own 
galactic system. Though this result sup- 
ports the conclusion drawn last year 
from a study of the daily changes of cos- 
mic rays, the result is still somewhat 
uncertain, pending further theoretical 
Tenta- 


a © 99 
cosmic 


and experimental investigations. 
tively at least, however, the 
rays that we receive seem to be of no 
more remote origin than are the stars 
that belong to our galaxy. 

One wishes there were time to con- 
sider, as M.S. Vallarta and Victor Hess 
have done, the way in which the cosmic 
rays are affected by the magnetic field of 
the earth and apparently likewise of the 
sun. In these effects lies an important 
method of determining the energy of the 
rays as they approach the earth, which 
varies from about a billion to a million 
billion electron volts. 

As was to be expected at a stage of 
investigation where the experiments are 
not yet highly refined, there were some 
disagreements as to the exact nature of 
the data. Most prominent of these was 
that with regard to the existence of a 
penetrating neutral radiation which 


would give rise to penetrating m 
in lead. Experimental evidence put 
ward by W. Bothe was questione 
Bruno Rossi and by Pierre Auger 

hour’s discussion of the point by 
various investigators showed that fu 
information is needed before the que 
of the existence of this neutral pene 
ing radiation can be considered 

firmed. 

The only other question of major (is 
agreement was that of the name yw 
should be applied to the particle of 
termediate mass. This has been call 
various times a heavy electron, a b 
tron, a yukon, a mesotron, a mesoton 
ameson. A poll of the assembled experts 
showed an approximately equal nu 
favoring the name mesotron and m¢ 


J 


Partly because the European invest 
gators seemed unanimously to favor 
word meson, the present writer is 
wise adopting that word in order 
prevent the confusion of tongues. 

The accomplishments of the syn 
sium are not to be measured in terms 
of definite new conclusions which wer 
reached. Its main significance lies 
rather in the fact that it focussed att 
tion on the important possibilities of th: 
study of cosmic rays. The true effects 
of the conference will thus not be fi 
until those who were present have had 
time to express in their own work their 
reaction to the new ideas and the stin 
lating discussions. 

A. H. Compton 


UNIVERSITY OF CHICAGO 


THE STANFORD UNIVERSITY SYMPOSIUM ON THE CELL 
AND PROTOPLASM 


Ir is seldom that I have attempted to 
write anything, however brief, which 
seemed to bristle with the difficulties 
that I now sense in acceding to the re- 
quest of THe Screntiric Monrutiy for 
a report on this symposium. To any in 
attendance the difficulties would not be 


hard to visualize. But first let me de 
seribe in a very general and, I fear, a 
rather superficial fashion the intent and 
form of the symposium. 

It was organized by Professor C. \ 
Taylor, dean of the School of Biologi 
Sciences, and his immediate associates 
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the purpose in mind of commemo- 
ng in appropriate fashion one of 
oreat epochs in the history of the 
Schleiden 
hwann’s enunciation of the cell theory 


logical sciences and 


\s is true of scientific discovery gen- 
rally, this basic concept did not spring 
, adult stature from the head of a single 

Zeus. Many biologists, some of whom 

have been almost forgotten in the flight 

of the centuries, contributed their part 

But without doubt it was Schleiden and 

Schwann who finally drew together the 

researches of their 

and presented to the world of learning 


many predecessors 
a final statement of the cell theory in a 
systematic and comparative form with a 
full appreciation of its fundamental im- 
plications. hazard the 
thought that had Schleiden and Schwann 
not been in a writing mood in the vear 


One can safely 


1838, others would certainly have pre- 
sented the same theory in an equally or 
perhaps an even more acceptable form 
within a year or two. The fruit was ripe 


and it was only a question of seeing the 


trees, recognizing the maturity of the 
fruit and picking the crop. I have 
never ceased to be enraptured by the 
constantly recurring observation that 


most of our great discoveries in science 
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iltaneousl 


announced almost sim 
different 
men whose approach to the problem has 


Howevet 


the explanation IS Slmpte, tor 1t Is 


are 


from several laboratories by 


been entirely independent 
part of the endless process of the ev 
tion and fruition of thought To those 


of us in attendance at the sympos 
evidences of this simple fact came agai 
and again 

The introductory address, historical in 
character, was presented by Prof 


Princeton U 


eCSSO] 


G Conklin, ol nivers 
Unfortunately, Space does not 


to speak of this in detail 


permit us 


nor of the fit 


teen addresses that followed in the next 
five days. Perhaps it is sufficient to 
mention that by a gradual transition we 


passed from consideration of the grosser 
structure of living things to a treatment 
of developmental and environmental fa 
tors, to microorganisms, over the bridge 
which possibly stands between the ani 
mate and the inanimate—the viruses, on 
to the active constituents of living things 
and finally to the larger molecules resi 
dent in protoplasm 

It is fortunate that the papers will be 
published (as a monograph by the Ameri 
the Advancement of 


so that it Is needless to do more 


ean Association for 
Science 
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han mention the speakers by name: E 
* (Conklin, Robert Chambers, |. W 
Railev. H. S. Jennings, Richard Gold- 
} <chmidt, C. M. Child, R. G. Harrison, 
Cc <A. Kofoid, C. B. van Niel, W. M 
Stanley, H. Theorell, F. W. Went, A 
Szent-Gyérgyi, O. L. Sponsler, L. V 
Heilbrunn, J. D. Bernal. 
By still another easy transition the 
meetings, born out of the Stanford Uni- 




































versity meetings of the Pacifie Division, 
American Association for the Advanee- 
ment of Science, passed on into the ses- 
sions of the National Colloid Symposium, 
which followed immediately after. 

One outstanding result of the sympo- 
sium was to leave with all of us a vivid 
impression of the essential unity of the 


sciences. It is all too easy for us, when 





surrounded by increasing evidence of 
diversification and specialization in re ee ee one 
search, to mumble the disheartening and t 
misleading phrase, ‘‘more and more THEODOR SCHWANN, 1810-188 
about less and less.’’ Seldom have | 
taken part in a scientific meeting where 
one was made more acutely aware of the 
striking interdependence of all the 


sciences. Biologists, chemists and physi- 


Vy 


cists, speaking the same language, drew 
fully upon the resources of each to gain 
a deeper understanding of the world of 
nature. 

From it all I believe that we gained 
several suggestions of very great value: 
that the animate and the inanimate con- 
stitute a continuum; that the concept of 
structure, so long applied to the atom, 
to the molecule, to the cell and to the 
organism, may well be extended to the 
society in which we are but structural 
units; that whether we be molecules or 
men we are what we are and we do what 
we do because of two fundamental fac- 
tors—our innate qualities and our envi- 
ronment. I would not dare to suggest 
that this exhausts the list of significant 
gleanings, but to me they constitute the MATTHIAS JACOB SCHLEIDEN, 1804-188 
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most impressive contributions of the 
symposium. 

And now to conelude with less tangi- 
ble and perhaps rather sentimental con- 
siderations. Some of us who still like to 
think that we are numbered among the 
younger generation of biologists and bio- 
chemists will not soon forget the stimu- 
lating contacts and refreshing experi- 
ences that were ours as we saw, heard 
and chatted with the distinguished elder 
statesmen of science (younger statesmen 
also) and shared our lot with our many 
countrymen and visitors from abroad. 
Unquestionably, this was probably the 
most memorable scientific gathering that 
we have known on the Pacific Coast and 


it is to be hoped that the bridge 
reaching to the Atlantic Coast an 
rope will bring to us many fresh « 
gents of our fellow scientists. 

The meetings steadily increase 
attendance as the week progressed 
as the last day was reached, the faci 
of the large Memorial Theater had 
drawn upon. The periods of diseus 
which followed the papers were 
and vigorous. I think they would 
been a delight to Schleiden and Schy 
and to the host of others whose cont: 
tions to science constitute the warp 
the woof of such symposia. 

J. Murray Lu 

STANFORD UNIVERSITY 


THE CENTENARY OF T. J. BURRILL 


On April 25, 1939, the one hundredth 
anniversary of the birth of Thomas 
Jonathan Burrill was celebrated by the 
University of Illinois, where practically 
his entire professional life was spent. 
During his long connection with the uni- 
versity, from 1868 to 1912, he served in 
various administrative capacities, pub- 
lished the results of numerous researches, 
and carried at times a heavy teaching 
schedule. Under him were developed a 
number of students who won recognition 
in various fields of botany, some of whom 
are still active. 

Burrill was born in Pittsfield, Massa- 
chusetts. The family moved to Illinois 
when he was nine years of age. He 
helped his father on the farm, attending 
and later teaching school during the win- 
ter months; he prepared for college at 
Rockferd High School, which he entered 
at the age of 20, and graduated from the 
State Normal University in 1865. 

During the period from 1865 to 1868 
Burrill held the position of superinten- 
dent of the Urbana public schools. Dur- 
ing the summer of 1867 he acted as 
botanist accompanying Major John W. 
Powell on his expedition to explore the 


Grand Canyon of the Colorado and s 
rounding regions. In 1868 Burrill! : 
called to the Illinois Industrial Univ 
sity and in 1870 was made professo1 
botany and horticulture. 

Regarding his activities in the ear 
days of his service in this institution, nov 
the University of Illinois, a friend is 


quoted as saying: 


He taught most of the days, was horticulturist 
to the experiment station, planted with his ow: 
hands or saw to the planting of most of the tr 
on the campus, after he had laid it out for tr 
ment, wrote reports, lectured here and tl 
served on innumerable committees, collect 
specimens up and down the state, and, lest s 
moment of his time should be unoccupied, 
charged by the board with the sale of mu 
whose labors on the south farm showed that t 
were not so able to stand the strenuous lif: 
he was. 

Two notable contributions to the 
teaching of botany are to be definite 
eredited to T. J. Burrill. He was th 
first to teach plant pathology, which 
took up as part of his course in bota 
as early as 1873, two years before Farlow 
at Harvard, and he was the first in this 
country to use the compound microscope 
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Burrill ’s creat contribution to science, 
he discovery and demonstration of the 
frst bacterial disease of plants, came as 
, result of patient and thorough work on 
what was then a major problem for the 


fruit-growers of his state. The ‘‘blight’’ 
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**minute oscillating particles.’’ The 
vear he reported his success in transm) 
ting the disease by transferring the exu 
date from diseased plants to the bar 
healthy the 


trees In report he ised 


though with great caution, the word 
‘*bacteria,’’ adding: ‘*Does it not seem 
plausible that they cause the subseq ient 


THOMAS JONATHAN BURRILL 


of pears and apples had been the subject 
of much concern and speculation for 
many years. In 1878, just ten 
after his first connection with the univer- 
sity, he presented to the state horticul- 
tural society a paper reporting his pre- 
liminary studies, in which he described 
the organisms seen in the 


years 


tissues as 





So far as I know 
that 
though 
dantly proved in the case of animals.”’ 


apparent change? 
the 


cause 


idea is a new one bacteria 


disease in plants abun 
Further careful work followed. and in 
the 


seribed and named 


1882 bacterial organism was de 


In subsequent vears 


he worked on several other bacterial dis 
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FRANKLIN SUMNER EARLE 


ee 


ARTHUR BLISS SEYMOUR 








eases and on various fungous dise; 
apples, potatoes, corn and other 

A cryptogamic flora of Illinois was 
jected and two monographs were 
lished, one on the rusts and the ot} 
the mildews. 

It is fortunate for Burrill’s reput 
that he made this great discovery 
in his connection with the universit 
as time went on his energies we) 
creasingly devoted to administratiy 
related duties. Of this Edwin F. S$ 
said with characteristic emphasis 
article published soon after Bw 
death : 


In America we have a peculiar way of tr 
all those who have demonstrated the poss 
of research ability of a high order, which 1 
designated as a method of extinction by } 
tion. As soon as a man becomes consp 
through his researches, boards of contr 
other things for him to do, more in keeping 
their ideas of efficiency and eternal fitness 
he ceases to contribute further except px 
very indirectly, to the advancement of sc 
Professor Burrill was no exception to this r 


During the first two decades of his 
nection with the university he made his 
great contributions to the science of plant 


pathology and trained four men who 
tained places of distinction in the fields 
of plant pathology and mycology, Ea: 
Seymour, Clinton and Waite. No at 
tempt to detail the work of Burrill or : 

of the others is made here, since sym 
thetic biographical sketches’ by personal 
friends are available for Burrill a 
three of his students. Although the 
fourth has been formally ‘‘retired’’ sir 
1935 there is happily little prospect of his 
becoming the subject of such a sketch f 
many years. 

F. S. Earle, who was a student of Bur 
rill’s from 1879 to 1883, was at various 
times connected with the Kentucky, Mis 

1 Burrill, Phytopathology, 8: 1-4; Earle, J 
topathology, 20: 923-929; Seymour, Mycol: 
26: 279-290; Clinton, Phytopathology, 28: 

387, and Mycologia, 30: 481-493. 
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ppi and Alabama Experiment Sta 
=< with the United States Department 





\ericulture and with several institu 
s in Puerto Rico and Cuba More 
once he engaged in commercial 
t production. He is remembered 
th for his contributions to systematic 
ology and as a leading authority on 
diseases and culture of tropical 
plants 

A. B. Seymour, who studied and 
worked with Burrill from 1878 to 1883, 
il was essentially a mycologist. So abun- 
8 dant were his collections during the 
period of his work in Illinois, and so 
carefully were they preserved that por- 
"8 tions of them are still used as ‘‘elass 
' material’’ by the Botany Department of 
the University of Illinois. The greater 
part of his life, 1883 to 1933, was spent 
in the Farlow Herbarium at Harvard, 
and his chief monument is the ‘‘ Host 
Index of the Fungi of North Ameriea,’’ GEORGE PERKINS CLINTON 

the first of its kind. 
G. P. Clinton was at the University 





of Illinois as a student and investigator 
from 1886 to 1900. He followed sey- 
mour to Harvard and in 1902 became 
botanist of the Connecticut Experiment 
Station, which position he held until his 
retirement in 1937. Most of his scientifie 
contributions are contained in the publi- 
cations of that station. From 1915 to 
1929 he was also lecturer and associate 
in the Department of Botany at Yale. 
This long residence in New Haven was 
broken by two major scientific assign- 
ments, one in Puerto Rico to study dis- 
eases of coffee, and one to Japan for the 
collection and study of parasites of the 
gipsy-moth. 

M. B. Waite graduated under Burrill 
in 1887 and spent almost his entire pro- 
fessional life with the United States 
Department of Agriculture. Here, he 
was for many years in charge of the work 
on fruit diseases. In 1898 he made one DR. M. B. WAITE 
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of the great phytopathological discover- 
ies of all time, namely, that bacteria 
which cause plant disease may be carried 
by insects. Appropriately enough this 
discovery was made with regard to the 


same disease in connection wit! 
Burrill had made his great cont; 
nearly twenty vears earlier. 

Neiu E. Sr < 


UNIVERSITY OF ILLINOIS 


THE SEVENTH ASSEMBLY OF THE INTERNATIONAL UNION OF 
GEODESY AND GEOPHYSICS 


One of the most significant scientific 
congresses to be held in this country will 
be the Seventh Assembly of the Inter- 
national Union of Geodesy and Geo- 
physics to be held in Washington from 
September 4 to 15. Over 500 delegates 
and guests are expected in attendance. 
To date delegates will represent 23 coun- 
tries and over forty universities, colleges 
and scientific institutions in this country. 

The International Union of Geodesy 
and Geophysics is composed of seven 
associations. These seven associations 
are concerned with geodesy, seismology, 
meteorology, terrestrial magnetism and 
electricity, physical oceanography, vol- 
eanology and scientific hydrology. Un- 
like the usual meetings of technical 
societies, the program of the Interna- 
tional Union consists largely of reports 
of commissions, discussion of agenda and 
the adoption of programs of research in 
the various fields of geophysics involving 
international cooperation. Many impor- 
tant communications of interest to geolo- 
gists will be presented, however, and 
significant progress will be reported con- 
cerning investigations in the funda- 
mental problems of the earth sciences, 
such as those dealing with structure of 
continents and ocean basins, gravity de- 
terminations and seismology. George 
Washington University will be head- 
quarters for the assembly. 

While there will be meetings of the 
several associations and commissions on 
Monday, Tuesday and Wednesday, the 
first general assembly, followed by a re- 
ception, will be held on Wednesday 
evening, September 6, at which the presi- 


dent, Dr. D. la Cour, will deliy 
address. 

A public lecture by Brigadier-G 
H. St. John L. Winterbotham, 
secretary of the Union, on ‘‘Row 
World with Geodesy’’ will be given o 
the evening of September 8 in the and 
torium of the Carnegie Institution. (; 
the evening of September 13 there w 
be a public address in the hall of ¢! 
Department of Commerce by Dr. B 
Helland-Hansen, of the Geophysical I 
stitute at Bergen, Norway, on ‘‘ From thy 
Mexican Gulf to the Arctic Sea 
Gulf Stream System and Its §S 
cance. ’’ 

The final general assembly will be hb 
on September 16 in the new ha 
George Washington University Th 
American Geophysical Union, wit! 
cooperation of the National Resea: 
Council, are the official hosts for th 
Washington Assembly. The arrang 
ments for the assembly have been carried 
out through the work of nineteen cor 
mittees and subcommittees. The chair 
man of the organizing committee is Cay 
tain N. H. Heck, of the U. S. Coast ai 
Geodetic Survey. 

The meetings of the Union are held : 
three-year intervals, the last meeting 
being in Edinburgh in 1936. There is 
probably no scientific association that 
covers a wider field of interest than the 
International Union of Geodesy and Geo 
physies. Perhaps in no other field are 
the problems of science so dependent 
upon international cooperation as in 
that of geodesy and geophysics. 

Haruan T. Stetsi 
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WILLIAM BOWIE MEDAL OF THE 
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AMERICAN GEOPHYSICAL UNION 


THE WILLIAM BOWIE MEDAL 


Tue William Bowie Medal, endowed 
by friends and coworkers of Dr. William 
Bowie, established by vote of the execu- 
tive committee of the American Geo- 
physical Union on March 1, 1939, in 
accordance with the deed of gift. is to be 
awarded for distinguished attainment 
and outstanding contribution to the ad- 
of cooperative research in 
The medal was 


vancement 
fundamental geophysics. 
designed by Margaret Fleming Nebeker, 
of San Francisco, and the dies were en- 
graved by B. Basch, of Washington. 
The award of this medal is to be made 
annually or less frequently upon authori- 
zation by the executive committee of the 
Union. 

The first medal, which was struck off 
by the hydraulic press of the United 
States Bureau of Engraving through the 
courtesy of the director, A. W. Hall, was 
presented to Dr. Bowie at the general 


of the American Geophysical 
1939, by President 


In his citation Presi 


assembly 
) 


Union on April 28, 
Richard M. Field 


dent Field said: 


It is particularly fitting that the first award of 


this medal should be to the man whose name the 


medal bears. It is not necessary here, among 


colleagues in 


pre 0 


st of 


your intimate friends and 
physics, to refer specifically to your long li 
scientific accomplishments and honors. But we 
do feel that in presenting you with the 


print of this medal that has been created in your 


first im 


name, and that of the organization for which you 
have worked so long and so lovingly, we are not 
handing you merely a bit of stamped and en 
graved metal, but rather a powerful talisman of 
affection, 


dition so fundamental to the spirit of progress 


those human forces, esteem and tra 
It is sincerely hoped that in the years to com 
this medal, through its future awards, will con 
tinue to promote and to recognize that spirit of 
helpfulness and friendliness in unselfish coopera 
tive research which vou have so bountifully dis 


played. 
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SPECTROSCOPY IN THE REGION OF RADIO FREQUENCY 


An extension of the field of spectros- 
copy down to the region of radio fre- 
queney has been developed by a group 
of physicists at Columbia University. 
The group consists of Dr. J. M. B. Kel- 
logg, Dr. P. Kuseh, Dr. S. Millman, 
Professor I. I. Rabi and Mr. Norman F. 
Ramsey, Jr., all of Columbia, and Pro 
fessor J. R. Zacharias, of Hunter College. 
This development, which has taken place 
over a period of two years, has reached 
the point where accurate spectroscopy 
can be done on lines the frequency of 
which is less than a thousandth of the 
natural frequency width of ordinary 
spectral lines. 

This new field of micro-spectroscopy 
can measure energy intervals which are 
10° of the smallest energy intervals 
measurable by ordinary optical spectros- 
copy. 

In the new method the effect of the 
radiation is observed not by analysis of 
the radiation but by observing the effect 
on the atom or molecule. This is made 
possible by the use of atomic and molecu- 
lar beams. A narrow stream of atoms or 
molecules limited by slits .01 mm wide is 
bent first in one direction by means of 
an inhomogeneous magnetic field, and 
later by means of a second such field, 
oppositely directed, is bent back again to 
strike a detector which is capable of 
measuring the number of atoms which 
reach it. The second bending will just 
balance the first, provided the atom or 
molecule of the beam is in the same state 
in both fields. If, however, in the region 
between the two magnetic fields the atom 
or molecule should undergo a transition 


to a different state, one bending w 
cancel the other and the beam wil 
the detector. <A transition in stat 
be brought about if the atom or m« 
absorbs or emits energy. In these e: 
ments the atoms or molecules are « 
to absorb energy from, or emit it 
oscillating magnetic field betwee) 
two inhomogeneous magnetic fields 
absorption or emission taking place 
at very definite frequencies of the 
nating field corresponding to frequi 
of the atomic or molecular systems 
spectrum ‘‘lines’’ correspond to the 
frequencies which cause the beam to 
the detector. These frequencies 1! 
experiments are in the range of short 
very short radio frequencies 

If a constant magnetie field is s 
imposed on the oscillating field the | 
man effect of the lines can be studi 

This method has been applied t 
accurate measurement of the mag 
moments of a large number of nucle 
cluding the proton and the deutero: 
isotopes of lithium, beryllium, the 
topes of boron, nitrogen and other n 
These measurements compare in dit 
ness and accuracy with measurem 
that may be made of the magnetic 
ment of an ordinary permanent 
magnet. They arrive at results that 


far beyond the reach of ordinary spect 
scopic methods. An important result 


the experiments with the hydrogen, « 
terium and hydrogen deuteride molec 
has been the discovery that the deute 
is not spherically symmetrical in s! 
but elongated along the spin axis. 

I. I. Rar 
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